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Over 300 screens of context-sensitive, 
on-line help, 375 + page Users Manual 
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Display the beauty... 


Complete, integrated DSP en- 


vironment with true menu 170 I 


selection, frame-based 
waveform analysis with full 
zoom, pan, and random-ac- 
cess capability in time and fre- 
quency domains 


PUSAN TD TL 


Popular board manufacturers sup- 

ported, including: 

@ Acrosystems 

@ Ariel 

@ Burr-Brown® 

@ CAC (Communications, Automation, 
and Control) 

@ Data Translation® 

@ Motorola® 

@ Spectrum Signal Processing (Lough- 
borough Sound Images) 

@ Texas Instrumenits® 


FRAME POSITION: 8.888 


TIME ANALYSIS 


c:B : 
Fileil: jame 


File2: amp 
Sampling Frequency: 8.888 Kis 


User options include mouse interface, 
color/mono displays and hardcopy 


..and tame the beast in your DSP problems with 
Hypersignal-Workstation’’ DSP software. 


Hypersignal-Workstation has become an industry standard in DSP and PC-based instrumentation software, supporting mor 
analog/DSP boards, more DSP chips, and more DSP functions, algorithm design tools, and analysis tools than any other softwar 
available. Before you end up with a shelf full of packages that won’t talk to each other, consist of separate "modules" (with separat 
prices), or worse yet, weren’t designed for real DSP problems, consider what more and more customers worldwide already have: 


REAL-TIME SUPPORT 


e Integrates 320C25/C30, DSP32C, 
DSP56000, ADSP-2100, Data Transla- 
tion®, Acrosystems™, and Burr- 
Brown® analog/DSP hardware 

-@ Continuous hard disk acquisi- 
tion/playback up to 150 KHz 

e Instrumentation sampling rates as high 
as 1 MHz 

e Accelerated FFT processing 

e DSP chip source code interface for al- 

- gorithm simulation/test 
_@ Dual-channel digital oscilloscope and 
spectrum analyzer 


Hypersignal-Plus DEMO FREE 
No r fk Hypersignal-Plus $489 
American Hypersignal-Workstation $989 
Pricing: DSP Workstation-25 MHz _-$9995 
DSP Workstation-33 MHz CALL 


(86) 16 20 12 * ISRAEL - IES Ltd., phone: (03) 7526333, fax: (03) 7510927 


ANALYSIS 


e Time waveform display, editing, and 


D/A playback 


e FFT processing, including window, 


framesize, and overlap control 


e 3-D spectrogram, 2-D spectrographic 


analysis and D/A playback 


e Power spectra estimation 
e Convolution, recursive filtering 
e LPC autocorrelation, including win- 


dow, framesize, and overlap control 


e Pole-zero, unwrapped phase, group- 


delay, linear/log magnitude, etc. 


COB BEBE OCT: ees seo. BOROEOREA HORDES PEREGO DEAT. 


DESIGN & SIMULATION 


e Classical, arbitrary FIR/IIR filte 
design, including graphical filte 
editor and log or linear axes 

e Comprehensive difference equa 
tions, with math functions, signa 
arithmetic, and signal calculus 

e Arbitrary function generation 


e Code generation and quantizatio: 
simulation for Texas Instrumentsé 
TMS320xx, AT&T WE® DSPxx 
Motorola® DSP5600x, Analo, 
Devices ADSP-2100. Selectabl 
IIR structure and quantization. 


Hyperception Inc, 9550 Skillman LB125, Dallas, TX 75243 TEL 214-343-8525, FAX 214-343-245 
WEST GERMANY - Electronic Tools, phone: (02102) 841013, TLX 1631 +BTX 02102841013 1 +,fax: (02102) 841000 * UK, IRELAND - Loughborough Sound Images, LTD., phone: (0509) 231843, TLX 341409 LUFBR 
G. fax: (0509) 262433 * FINLAND - ITT, phone: (90) 739 100, TLX 121450 MuliKomponent, fax: (90) 712 414 * FRANCE - BORES Technical Sales, phone: CC44 (0483) 740138, fax: (0483) 740136 * ITALY - Mor 
Ingegneri & Consulenti, phone: (172) 422577-422531, fax: (172) 431243 * JAPAN - CADTECHS, INC., phone: 3-813-8222, TLX: 23528, fax: 3-818-7888 * DENMARK - Assentoft Electronics, phone: (06) 16 29 26, fa 
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es of wire can't make you 


more competitive. 


There's only one real reason to 
specify Dale® wirewound resistors: 
We'll work harder turning 
something common into something 
uncommonly valuable. Up front, 
that means saving you selection time 
by producing every standard 
shape and size in the book. Plus, 
we give you immediate access to 


DALE, 


Dale Makes Your Basics Better 


design assistance and a wide range 
of proven special products. 

lt means factory and distributor 
stocking programs that can be 
quickly fine-tuned to your Just-In- 
Time delivery programs. 


CIRCLE NO. 1 


And, it means making reliability 
the least of your worries with well- 
established Statistical Process 
Control and Quality Assurance 
systems to give you ship-to-stock 
Capability, 

Dale wirewound resistors. 
They're not commodities — they're 
the power you need to help make 
your products more competitive. 
Contact your Dale representative or 
distributor, or phone: 402-563-6283. 
Dale Electronics, Inc., 1122 23rd 
Street, Columbus, NE 68601-3647. 


DALE ELECTRONICS, INC. 
» « « a VISHAY Company 


Next time they boast 
about adding more 
features to a réal-time 
clock, 


forming where perfor- 


The Harris Way: mance counts most — in 
7 oe ~ demanding strategic and 

unctions An ‘tactical systems. Pack- 
Affordable. 


ages include 24-pin 
plastic and ceramic 

— DIPs and 24-pin 

@ SOIC. 

So if you’re look- 


ing for a high-perfor- 


First, we thought abou 
life two centuries from 
now. Then we built a cloc 
to last that long. 

A 128-year calendar 


; mance power-savin 
with automatic leap year P 5 


clock for your system, 


look to Harris’ 7170. 


corrections Is Just one 1m- 
pressive feature of our 


patented ICM7170 real- Call for our bro- 
time processor-compatible pure 
clock. There are many 1-800-4-HARRIS, 

; Ext. 1998. 


ity et ita 


more. at 
t peripheral for a 


Our CMOS-fabricated | internal address 
clock offers more on-chip | and programmabl 
functions than commodity- | counters keep time from 
quality clocks, includinga_ | hundredths of secondsto | and portable and personal 


Mhole range of applica- 


tions, from data logging 


battery backup circuit, years. The ICM7170 is easy | computers to industrial 

regulated power supply to use, too: no exotic soft- | process control and point 

(assuring stable oscillator | ware is needed. Latches of sale systems. 

frequency), on-chip power | prevent clock roll-over dur- With its military What your vision of the 
a future demands. Today. 

down detector and on-chip | ing read cycle. And you temperature rating and hsheatdrreibsiibwt-iauinhivrnhoreiiameoth 3" i 

alarm comparator and read it like a RAM. 883C screening, the cat HARRIS 

RAM. It generates alarm The 7170’s 300 ns ac- | ICM7170 is already per- HARRIS ACA GE INTERSIL 
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ask to see one first. 


POWERFUL up to +23dBm undistorted output 
FLAT within 1dB over the entire band. 2.5KHz to 500MHz 
UNCONDITIONALLY STABLE regardless of load 


DAMAGE-RESISTANT built-in current regulator; supply 
voltage 24V, 0.35A 


RUGGED operates from -55 to +85° C, withstands 
shock and vibration, ground equipment 


COMPACT only 3.75 by 1.8 by 26 in. 


finding new ways ... 


2.5KHz to 500MHz 250mW on $199 


Packed with these super performance features, 22dB flat gain 
and a typical VSWR of 1.3 to 1, the ZHL-6A amplifier is ideally 
Suited for your latest broadband systems designs. And where 
space is critical, its height can be cut in half, to only 0.9 in., by 
removing the heat sink and attaching the unit to your chassis. 
Running tests in your lab or on the production line covering all 
or segments of the 2.5KHz to 5S00MHz range and need more 
output from sweep or signal generators? It’s not necessary to 
purchase and connect/disconnect an assortment of amplifiers 
when the ZHL-6A does it all...at an attractive price of only $199. 
For a Super price/performance amplifier, order a ZHL-6A, 
available for irnmediate delivery with a one-year guarantee. 


setting higher standards 


[__ Mini-Circuits 


A Division of Scientific Components Corporation 
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 
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up to 1500 MHz LO up to 13dBm on 95 


For systems designs employing surface-mounting technology, 
Mini-Circuits now offers an expanded line of SMT mixers operating 
up to 1500 MHz with LO drive levels to +13dBm and RF input input 

levels to +*9dBm. The RMS-Series is the world’s smallest double- 
balanced mixers, in a case only 0.25 by 0.30 by 0.2 in. 


The tiny, non-hermetic package houses RF transformers, a 
ceramic-alumina substrate, and a four-diode assembly. A unique 
edge-plated design eases the job of making reliable solder 
connections to a printed-circuit board. A protective-barrier layer on 
top of the package’s conductive layer retards the harmful effect of 
electromigration which may occur during soldering. The RMS can be 
attached to a pc-board by conventional manual soldering or with 
automtic equipment; mixers can be supplied in a tape-and-reel 
format for automated pick-and-place machines. 


When you think SMT, think small, low-cost... 
think Mini-Circuits RMS series. 


finding new ways ... 


Setting higher standards 


SPECIFICATIONS, typical mid-band response 


MODEL 


RMS-1 
RMS-1LH 
RMS-1MH 
RMS-1R 
RMS-2 
RMS-2LH 
RMS-2MH 
RMS-2U 
RMS-5 


Frequency 
Range (MHz) 


LO, RF 


0.5-500 
2-500 
2-500 
0.5-500 
5-1000 
5-1000 
5-1000 
10-1000 
5-1500 


IF 


DC-500 
DC-500 
DC-500 
DC-500 
DC-1000 
DC-1000 
DC-1000 
10-750 
DC-1000 


CJ Mini-Circuits 


A Division of Scientific Components Corporation 


P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 
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LO 
Level 
(dBm) 
+7 
+10 
+13 
+7 
+7 
+10 
443 
+7 
+7 


Conv. 
Loss 
(dB) 
55 
5.7 
5.7 
55 
6.5 
6.5 
6.5 
6.5 
6.5 


isolation Price $ 
(db) (1-9) 
LR L-I 
ao) aD 7.95 
40 30 8.95 
40 30 10.45 
337 14.45 
3 SO 8.95 
35: 2 10.45 
ae 11.45 
40 35 11.45 
35 30 13.95 
F 110RV.C 
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Volume 34, Number 19 
ELECTRONIC TECHNOLOGY FOR ENGINEERS AND 


On the cover: Signals from a 


thermocouple, a resistive sensor, and an 
ac source provide signal-conditioner 
inputs; a D/A converter drives a servo 
valve. A computer’s color graphics 
display shows the conditioned signals. 
See pg 136. (Photo courtesy Analog 


Devices Inc) 
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SPECIAL REPORT 


Signal conditioners 136 


A wide variety of products can manipulate signals such 
as transducer outputs, safely and conveniently preparing 
them for collection and processing by computer-based data- 
acquisition systems.—Dan Strassberg, Associate Editor 


DESIGN FEATURES 


Troubleshooting analog circuits 151 
Part 10 


Oscillations are the ubiquitous bugaboos of analog-circuit 
design. Not only can you encounter oscillating op amps, as 
described in part 8, but also oscillating transistors, switching 
regulators, optoisolators, comparators, and buffers. And, if 
you think about it, latched-up circuits are just the opposite 
of oscillating ones, so Bob included them here, too. 
—Robert A Pease, National Semiconductor Corp 


TECHNOLOGY UPDATES 


Motor-control/driver ICs: 59 
Dedicated circuits suit a variety of tasks 


Time was when designers of motor-control circuits were 
forced to put together an unwieldy collection of discrete 
components in order to satisfy their requirements. Today’s 
motor-control ICs are tailored to specific motor-speed and 
position-control applications, extending circuit choices and 
performance levels for your special requirements. 

—Dave Pryce, Associate Editor 


Continued on page 7 
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Raw Speed. 


The world’s fastest CMOS PLDs 
are the keys to your high performance design. 


The leader in CMOS PLDs has 
done it again. Lattice’s new 10ns 
GAL16V8A and GAL20V8A devices 
are the fastest on the track. With 
power consumption only one-fourth 
to one-half that of bipolar PLDs. 

If you need higher functional 
integration, test drive our 15ns 
GAL22V 10. It’s the fastest user- 
programmable 22V10 available. 

As if our superior speed/ power 
product were not enough, our univer- 
sal GAL® architecture makes conven- 


GAL isa registered trademark of Lattice Semiconductor Corporation. 


E2CMOS is a trademark of Lattice Semiconductor Corporation. 
PAL is a registered trademark of Advanced Micro Devices, Inc. 


tional PAL® devices—and huge 
inventories—obsolete. The 16V8A 
and 20V8A can replace 42 standard 
PAL devices. 

Best of all, you know you've got a 
winner before you ever use a Lattice 
GAL device. Our proprietary electri- 
cally erasable CMOS (E*?CMOS™) 
process lets us repeatedly test every 
characteristic before we ship the part. 
Which means 100% programming 
yields. Less board rework. And better 
system reliability. 


Make sure your high-performance 
design has all the right parts. Get the 
fastest CMOS PLDs available. Only 
from Lattice, the leader in CMOS 
PLDs. 


Lattice 


Semiconductor 


Corporation ™ 
5555 N.E. Moore Ct. © Hillsboro, OR 97124 


Inventors of the E?CMOS PLD 


Circle 7 for Literature 


Circle 8 for Employment Information 


Copyright © 1989, Lattice Semiconductor Corporation. 
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FDDI ICs and components: 81 
Reduced costs key FDDI’s acceptance 


The FDDI (Fiber Distributed Data Interface) standard 
offers the performance potential to serve the network needs 
of systems ranging from PCs to mainframes. The availability 
of VLSI FDDI ICs from several companies, and the 
standardization of components such as optical data links, 
will soon lead to reasonably priced FDDI implementations 


New FDDI boards and chip sets will : 
hasten the acceptance of the 100M-bps | 0d, consequently, widespread use of the 100M-bps 


network (pg 81). network.—Maury Wright, Regional Editor 


Industrial Electronics Product Showcase 93 


EDN’s Industrial Electronics Product Showcase focuses 
on system-level industrial products and components 
specifically designed for use in systems intended for harsh 
industrial environments. You'll note that today’s system- 
level products offer high performance and also feature very 
user-friendly interfaces.—EDN staff 


PRODUCT UPDATES 


386-based CPU and controller boards 123 
Scan-test module 27 
Single-slot STD Bus module 129 


EDN magazine 
now offers 


Express Request, DESIGN IDEAS 


a convenient way Spice model handles linear optocouplers 163 
to retrieve product Algorithm speeds trigonometric math 165 
information by Walsh functions power FSK transmitter 167 
phone. See the Continued on page 9 


Reader Service 
Card in the front 
for details on how 

to use this free 

Service. 
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LIMITED PLD DESIGN SOFTWARE. 


A close look at most PLD design 


software reveals disturbing dead-ends. 


Unsupported devices, limited design 
entry methods, inefficient optimizea- 
tion, and lack of testability analysis can 
stop the design process cold. 

Data |/O® gives you powerful PLD 
design software that outperforms the 
competition in every category. And 
we can prove tt. 


MORE DEVICES SUPPORTED. Data |/O 
supports more PROMS, traditional 
PLDs, complex PLDs, and FPGAs. 


Our device coverage includes every 
semiconductor manufacturer on the 
market and more than 200 different 
device architectures. 


MORE DESIGN ENTRY METHODS. Enter 
your design using any combination 
of high-level logic equations, truth 


tables, state machines, or schematics. 


Only Data |/O offers true high-level 
design entry. 


Data |/O supports more computing platforms including 
286-and 386-based PCs, Sun & Apollo workstations, 
VAXs and Apples. 


MORE LEVELS OF VERIFICATION. 
Behavioral verification checks the cir- 
cuit's function as you design. After 
synthesis, partitioning and PLD selec- 
tion, structural verification provides 
full debugging of every fuse, node 
and pin. 


MORE EFFICIENT OPTIMIZATION. Pro- 
duce more compact, efficient designs 
with multiple levels of reduction — 


Data |/O Corporation 10525 Willows Road N.E., P.O. Box 97046, Redmond, WA 98073-9746, U.S.A. (206) 867-6899/ Telex 15-2167 

Data I/O Canada 6725 Airport Road, Suite 302, Mississauga, Ontario L4V 1V2 (416) 678-0761 

Data I/O Europe World Trade Center, Strawinskylaan 633, 1077 XX Amsterdam, The Netherlands +31 (0)20-6622866/Telex 16616 DATIO NL 
Data I/O Japan Sumitomoseimei Higashishinbashi Bldg., 8F, 2-1-7, Higashi-Shinbashi, Minato-Ku, Tokyo 105, Japan 


(03) 432-6991/Telex 2522685 DATAIO J 


©1989 Data !/O Corporation 
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optimized for each device architec- 
ture — and automatic factoring. 


FULL TESTABILITY ANALYSIS. Using 
fault grading techniques, our tools 
analyze the testability of your circuit 
and identify untestable portions. They 
also automatically generate test vec- 
tors to provide the best fault coverage 
possible. 


MORE OUTPUT FORMATS. Our tools 
generate output for PROMs, PLDs, 
and FPGAs. We can provide pinlists, 
netlists, Berkeley PLA files, and sche- 
matics — whatever output you need 
for the technology you're using. 


MAKE US PROVE IT. Data |/O has the 
world’s most powerful PLD design 
tools. Call today and make us prove it. 


1-800-247-5700 
Ext. 394 


DATA I/O 


Corporation 


Magazine 
Edition 
® 
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You don't need us to tell you that all 


SRAMS are in short supply. 


We have met the challenge by 


investing In 


The result? Fast and slow SRAMs 


in quantity — now. 


SRAMS WITH 


AN INTERESTING 


NEW FEATURE. 


increased SRAM _ production 


facilities. 


AVAILABILITY. 


manufactured to the highest standards, competitively priced and readily available 


INMOS already supply 14% of the fast SRAMs used in the US and 40% of the 
needs of sophisticated SRAM 


European requirement — so we understand the 


users including, of course, the military. 

Our extensive range covers every- 
thing from 4k to 64k, including the 
all-important 8kx8 — all available in a 
variety of packages, “off the shelf”. The 
INMOS 256k SRAM is about to be 
added to the range. 

If you need SRAMs and you need 
them now, there’s never been a better 


time to talk to us. 


4Kx 1 


1Kx4 


16Kx 1 


4Kx4 


2Kx8 


IMS 1203 
IMS 1203M 


IMS 1223 
IMS 1223M 


IMS 1403 
IMS 1403M 
IMS 1403LM 
IMS 1400M 
MK 41H67 


IMS 1423 

IMS 1423M 
IMS 1420M 
MK 41H68 
MK 41H69 
MK41H79 


MK6116 


Access Time 


20,25,35,45 
25,55,45 


20,25,35,45 
25,35,45 


2098, 4 5O 
59,45,55 
55,45,55 
45,55, 70 
20,25,55 


25,35,45,55 
35,45,55 
55,70 
2025.55 
20,25,35 
29,50 


150,200 


Organisation PartNo. 


2Kx8 


64Kx | 


16Kx4 


8Kx8 


MK6116L 
MKI6116 
MKI6116L 


IMS 1600 
IMS 1601L 
IMS 1600M 
IMS1601LM 


IMS 1620 
IMS 1620M 
IMS 1620LM 


IMS 1624 
IMS 1624M 
IMS 1624LM 


IMS 1630M 
IMS 1630L 
MK 48H64 
MK 48H64L 


Access Time 


Organisation PartNo. 


150,200 
150,200 
150,200 


20,30,35,45,55 
45,55 

45,55, 70 
45,55, 70 


25,30,35,45,55 
45,55,70 
45,55,70 


25,30,35,45,55 
45,55,70 
45,55,70 


55,70 

45,55, 70, 100, 120 
70,120 

70,120 


Key: M—Mil-std-883C,L—Low Power. Available soon—a new 256K SRAM. 


For a copy of our 1989 Databooks or, of course, a quote, contact your local INMOS or 


SGS-THOMSON Microelectronics office. 


> TANOS NMOS is a member of the SCS-THOMSON Microelectronics Group 4X27 SESSTHOMSOM nics Limited, Aztec West, Bristol BS12 4SO, UK. Tel: (0454) 616616. 


Colorado, USA. Tel: (719) 630 4000 - Munich, Germany. Tel: (089) 319 10 28 - Paris, France. Tel: (1) 46 87 22 01 - Tokyo, Japan. Tel: (03) 505 2840 
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Captain James Fitzgerald was the second person to break the sound barrier at Muroc Dry Lake, on February 24, 1948. 
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to break the sound barrier? 
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Someone worked every bit as hard as 
Chuck Yeager and came in second.The sad 
truth is, no matter how fast you go, getting 
there second isn't fast enough. 

The same holds true in the marketplace. 
Thats why AMD concentrates on 
complete design solutions that cut product 
development time. So your product won't 

be obsolete before it's shipped. 

Take our 32-bit RISC microprocessor, 
the 29K"At 17 MIPS, its at the heart of some 
of the fastest, most powerful equipment 
now being built. 

And everything you need to get to 
work is here. Today. From silicon to tools for 
hardware and software development. From 
AMD or any of 40 Fusion29k” partners. 

Which makes it easy for you to go out 
and get your share of the profits before any- 
one else gets off the ground. 

Take your pick. You can work hard and 
produce anonymous products. 

Or take AMD and fly to market. 


Advanced Micro Devices c" 


For more information write"AMD and 29K’ on your letterhead and 
mail to: AMD Mail Operations, PO. Box 4,Westbury-on-lrym, 
Bristol BS9 3DS United Kingdom. 


it es hess 2)7 771 91 42 - Geneva (02) 2880025 + Hannover area (0511) 73 60 85 - Hong pi Sao 
ondon 0483) 740440 - Manchester area (0925) 828008 + Milano (02) 3533241 » Munchen (089) 41 14-0 
Osak (06) 143.3250 Paris(1) 49 75 10 10 - Seoul (02) 784-7598 + Singapore (65) 348 1188 - Stockhoim (08) 733 03 50 
Stuttgart (0711) 62 33 77 - Taiwan (02) 7213393 + Tokyo (03) 345-8241 
Latin America, Fort Lauderdale, Florida/U.SA. Tel: (305) 484-8600 Tx: (510) 955-4261 amd ftl 
© 1989 Advanced Micro Devices, Inc. 29K and Fusion29K are trademarks of Advanced Micro Devices, Inc. 
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SIEMENS 


ICs for new TV quality 


Experience the TV of the 90s today with Siemens-Featurebox 


Siemens-Featurebox 88 is the e Stills 

building block for a whole new TV e Ninefold picture 

generation. It includes everything — from one/different sources 
that’s going to make television so —with motion picture 
attractive in the 90s. Technical e Picture in picture 
improvements that give the viewer 


active options. And with LC a eee 
decisively enhanced picture quality — 
all within the existing TV standard. ¢ Zoom 
- 2 x 2 enlargement of picture 
Here are the features of the box: areas 


e No large-area flicker 


e No line flicker in teletext 
— pictures free of flicker and line 
gaps unit 
e Suppression of streaking in VCR 
mode 


e Noise reduction 
— no striped moires and smearing 
effects 


e Cross-color reduction 

-— clean imaging of the finest 
luminance patterns (e.g. items of _ _ 
clothing with small checks) | 


e Tuner scanning 
— change of station free from 


any transients of the deflection 


lf these features are for you, 
write for full details to: 

Siemens AG, Infoservice HL 1102, 
Postfach Zo 48, D-8510 Fu rth, 
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: Whenever there's no second chance for your 
np NeW Harris circuit designs, you need the reliability and 
experience of the semiconductor leader in military 
z and aerospace. The New Harris Semiconductor. 
Camiconcictor @ Our recent integration of three semi- 
e conductor leaders—Harris, RCA, and GE—focuses 
I even greater resources on our long-standing expertise =~ 
Wherever (heres in harsh environments. We have a complete division 
‘e dedicated to military and aerospace 
| | semiconductor design and develop- 
0 SCUONG CiidliCe, 
enum 
TE NUMET ONE. 


ment—glving you the assurance 
of program management, 
parts control, design, 

documentation and 
manufacturing optimized for ~~ 
your unique needs. a | We serve 
your needs by meeting virtually every military standard. 
Our MIL Certifications M38510, BS9000, and $19500, both 
Class B and Class S facilities and products, and QML 

) beta site status help you meet reliability 

», fequirements on your total bill of materials. And 
give you the confidence of a partner whose exper- 


lence extends from the space shuttle 
Columbia to the space station 
Columbus, from Voyager to 
Magellan, from the F-16 to ATA/ATF 
from AMRAAM to SADARM and far beyond. 
In fact, for projects such as SINCGARS, we supplied 
everything from power, ASICs, digital, microprocessors, 
to COMSEC components. [i A single vendor 
now does It all, giving you the full breadth of rad-hard products 
and technology. Over 246 functions from 


power transistors to microprocessors, 


from logic to analog, from memory 

to ASICs. For every 
application 

from 3K-rad 
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_ tactical to mega-rad space and 
| strategic systems. a. 

Harris has built its reputation 
| : on custom circuits, with rad-hard 
| capabilities designed in. No wonder we offer some 
of the most complete custom and semicustom 
capabilities in the industry—including 

analog, digital, and smart power. 

We offer a full complement of design 

tools and simulators for all phases of 
the design process. Our rad-hard and 
mil temp libraries speed your time to 
market. And our worldwide design 
} centers work with you to ensure 
ASICs that work first time, 
on time. a Moreover, 
our custom, semicustom and 
standard products offer a range 
of technologies unequalled in 


SOS/SOI, biCMOS and GaAs. 
a | As inventors of 
CMOS, we offer a full line 
of low-power, high-noise 
| immunity products 
| ideal for signal 
| processing and 
| control. And a full line 
of logic devices from 
: the CD4000 to the 
a, 54HC and 54AC with 
advanced CMOS logic for replacing power-hungry TTL. 
a We give you the power to control your designs, 
too. Including over 60 OPL MOSFETs, 
i, and bipolar transistors, 
and N/P channel rad-hard 
MOSFETs at up to 500V. 
@=- And we also can 
~ provide over 50 MOV 
SMD/DESC drawings. 
a And for “real 
world” analog problems, 
our dielectric isolation process 
offers products with unprecedented 


RHAP is a trademark of Harris Corporation 
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the industry—DI bipolar, CMOS, 


performance; such as high- 
speed op amps with slew 
rates to 1000 V/ sec, and 
multiplexers with active 
overvoltage protection. We 
have high-speed analog 
switches and precision/low-power amplifiers, too—all 
designed for and guaranteed to military specifications. 
And in GaAs, we provide both 0.5 micron and 1 micron 
processes with 0.25 micron in development. Plus 
were MIMIC program participants, offering 
both custom and standard products 
through our domestic turnkey 
in-house manufacturing. 
a Moreover, 
were expanding our 
facilities at Melbourne, 
Florida to 
continue our 
commitment=_ 
to world- 
class, 


¥ mil spec IC 
production. Our ongoing 
SPC and TQC programs provide 
you with levels of reliability unavailable just a few 
years ago. And our RHAP™(Rad-Hard Assurance Program) 
gives you guaranteed rad-hard standard products for tactical 
applications. (| Sowherever there's no second chance, 
look to number one. The New Harris Semiconductor. 
Write or call 1-800-4-HARRIS today for our free quick reference 
guide to all our military and aerospace capabilities. Or our 
digital and analog military data books. = At the New 
Harris Semiconductor, [~ ....*™ 
you'll find whatever ae 
your vision of the 
future demands. 
Today. 


RIS 


SEMI C ON D'U Cor OR 
HARRIS .« ROA >>, GE. ~ UWTERSIL 


What your vision of the future demands. loday, 
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Fven though our products have 
been to Jupiter and beyond, you can 
still find them out in your garage. 
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Whether it’s one of the switches 
in your automobile, or connectors — 
used in space exploration, you'll find 
the products of ITT ElectroMechanical 
Components Worldwide everywhere. 

With seventy-five years of leader- 
ship in the electronics industry, ITT 
EMC Worldwide is one of the world’s 


leading suppliers of electronic compo- 
nents. You know us as ITT Cannon, 
Schadow, Jeanrenaud, Pomona 
Electronics, MTI and Sealectro. With 
manufacturing facilities, engineering 
centers and customer service represen- 
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tatives in virtually every part of the 
world. 

Our history is one of innovation, 
and ever-increasing capabilities. That’s 
precisely why many of our products 
go on to become industry standards. 

At ITT EMC Worldwide, we 
build reliability into every product we 
sell. That’s why you'll find us in every- 
thing from appliances to satellites. 

Our philosophy of “building 
in” quality control and testing means 
that you get the best possible product, 
every time. What’s more, ITT EMC 
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Worldwide manufactures and sells 
quality test accessories, to assist you 
in building a quality product as well. 
No matter where in the world 
you are, chances are we have an office 
nearby. So drop us a line today. Even 
though we’re an international com- 
pany, we may be closer than you think. 


1851 East Deere Avenue 
Post Office Box 35000 

Santa Ana, CA 92705-6500 
Or call (714) 261-5300 


wi 
Discover our strengths. 
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POON TRAE 


ofder to consent the use of 
‘PC “architecture in the in- 
strial field, ASEM INDUS- 
RIA S.p.A., with the pluri- 
mual know-how of ASEM 


OS technology and using 
EURO-CARD fermat, 
oa devitcen! ei 


wide range of accessories 


as display, monitors and in- 


ferent applications in h 
ahiphep ments. 


RO BU Sai 


SHOP B RE iii 


OARS 


NDUSTRIA 


ASEM INDUSTRIA spa - Via Nazionale, i 


330! Reana (UDINE) ITALY - Tel, 0432/88030 
Fax 0432/880273 - Tix 43504] ASEM iN 
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NEWS BREAKS 


C DEVELOPMENT SYSTEM COMBINES OPTIMIZER AND DEBUGGER 
Microtec Research’s (Santa Clara, CA, (408) 980-1300) MRI C Development System 
for the Sun 3 comprises an ANSI C optimizing compiler, a Motorola-compatible 680XX 
macro assembler, and a source-level debugger. Because the compiler and the debugger 

are tightly coupled, you can write your code, run the optimizer, and debug the 
optimized code without ever having to leave the development system. The system’s 
tools are compatible with the company’s cross-development products, thus easing 
the migration of code between native and cross-development environments. The 
system costs $2800.—Margery Conner 


RISC-BASED 66-MIPS »P INCLUDES DMA AND BUS CONTROLLERS 

Offered at speeds as fast as 35 MHz, the i960CA from Intel (Santa Clara, CA, Dept 
LG42 (800) 548-4725) achieves a peak performance level of 66 MIPS (native instruc- 
tions). The processor offers code compatibility with the 80960KA wP introduced last 
year, but it includes DMA, bus, and interrupt controllers that let you use the proces- 
sor in embedded designs with a minimum of support chips. Key architectural fea- 
tures of the i960CA that result in the processor’s ability to regularly execute two 
instructions per clock cycle include parallel instruction decoding; a 1k-byte, 2-way- 
set-associative instruction cache; multiple parallel-execution units; multiport regis- 
ter file with scoreboarding; and multiple internal buses. 


You can also choose from a number of development tools offered for use with the 
i960CA. The tools include the iC960 optimizing C compiler and the ASM960 macro 
assembler, which cost $700 and $900, respectively, for MS-DOS-based personal com- 
puters. Samples of the i960CA are available now and production quantities should 
follow in the fourth quarter of this year. The uP comes packaged in a 168-pin PGA 
in 16-, 85-, and 53-MHz versions that cost $273, $303, and $579, respectively (1000). 
—Maury Wright 


RISC-BASED 32-BIT VMEBUS CPU BOARD OFFERS 66 MIPS 

If you need a high-performance CPU board for your VMEbus system, you can buy 
the HK80/V960E, which is based on Intel’s 32-bit 960CA RISC chip, for $2795 (100). 
The 40-MHz Intel IC provides peak-performance specs of 66 native MIPS and 30 VAX 
MIPS, and includes a 1k-byte instruction cache, 1k byte of static data RAM, anda 
4-channel, 52-bit DMA controller. The board is manufactured by Heurikon Corp 
(Madison, WI, (608) 251-8715) and uses a 2-way interleaved architecture to provide 
zero-wait-state memory access. It comes with 2M bytes of 70-nsec, dual-access, static- 
column RAM, which is expandable to 8M bytes. The HK80/V960E also contains 1M 
byte of EPROM and 1288 bytes of nonvolatile RAM. The 33-MHz version of this board 
provides VMEbus transfer speeds reaching 40M bytes/sec. I/O capabilities include 
onboard SCSI and Ethernet interfaces. You also get a Unix cross-development pro- 
gram called VxWorks, which lets you develop your application on a Unix host, such 
as a Sun workstation, and then download the resulting code to an HK80/V9 60E. 
—d D Mosley 


HIGH-END DSOs WITH HIGH-SPEED DSP: NOW IT’S A HORSERACE 

With the introduction of its 7200 series, which is priced from $32,900, LeCroy 
Corp (Chestnut Ridge, NY, (800) 553-2769; FAX 914-425-8967) has turned the market 
for high-end digital storage oscilloscopes with built-in, high-speed digital signal 
processors into a horserace. For a few months, Tektronix (Beaverton, OR, (800) 
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OKx8DualPotSRAM 20ns 
256K SPARC Cache RAM 
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835-9433) had this niche to itself with its DSA 600 series. Although the LeCroy 
product can’t match Tektronix’s 28G-sample/sec single-shot acquisition rate, which 
is obtained by using the 4-channel unit in single-channel mode, it can simultane- 
ously take 1G samples/sec on four channels in real time—something the DSA units 
can’t do. 


For repetitive signals, the 7200 effectively takes 20G samples/sec; for single-shot 
and repetitive phenomena, its bandwidth is 400 MHz. At 50k samples/channel, the 
waveform-capture memory, which is unusually deep, allows the calculation of fre- 
quency spectra with very high resolution. In addition, the transform algorithm 
doesn’t force a power-of-2 sample-set size. Word length is 8 bits and is extendible 
to 11 bits for repetitive signals by the use of DSP. Although the 7200 lacks a color 
CRT, it sports an amber monochrome display and a 3’2-in. floppy-disk drive that 
writes waveforms and measurement-setup data onto MS-DOS-formatted disks. Also, 
the 72800’s operator interface lets you ‘‘drive’’ the scope like an analog instr ument. 
—Dan Strassberg | 


REAL-TIME OS RUNS ON 80386 AND 68020/30/40 Ps 

At this month’s Buscon meeting, Microware Systems Corp (Des Moines, IA, (515) 
224-1929) introduced a real-time operating system for high-performance, 32-bit wPs 
called OS-9000, which is upwardly compatible with the company’s earlier OS-9 operat- 
ing system. Versions of the new OS run on the Intel 80386 and Motorola 68020, 
68050, and 68040 uPs; the company plans to offer versions for the Motorola 88000 
and Intel 80486 wPs early in 1990. OS-9000 consists of a kernel, and I/O, file-manage- 
ment, utility, and development modules. The I/O, utility, and development modules 
and 95% of the kernel are written in C to promote portability of the OS across various 
wP architectures. 


O8-9000 lets you add or delete modules dynamically to conserve memory in a host 
system and to create optimal configurations of the OS for specific applications. The 
OS also lets you choose either a priority-based, preemptive, multitasking scheduler 
or a time-shared, multiuser scheduler. In OEM quantities, the industrial version of 
OS-9000, which includes the kernel, interprocess communications, and console-I/O 
modules, costs $350. In similar quantities, Professional OS-9000, which includes the 
industrial version of the OS, more than 70 utility commands, and a C compiler, 
starts at $650.—Steven H Leibson 


AFFORDABLE VXIBUS PRODUCTS AVAILABLE 

The VXIbus is scarcely a year old, but most of the early product offerings from a 
dozen vendors gave VXI the aura of a system so expensive that it might only appeal 
to designers of military ground-support systems. These designers will pay dearly 
for hardware substantially smaller than rack-and-stack products that perform 
equivalent functions. But in one multiproduct announcement, Hewlett-Packard Co 
(Loveland, CO, (800) 752-0900) has gone a long way toward dispelling the VXI sys- 
tem’s pricey image. Included in the long new-product list are 15 B-size modules 
carrying prices from $400 for a breadboard module to $2100 for an 18-GHz microwave 
switch. A B-size, 5’2-digit multimeter costs $1200; a B-size mainframe costs $2300 
with a blank front panel and $2800 with controls and a display. The C-size offerings 
include a $1600, 5’2-digit multimeter and a $3500, 6'2-digit multimeter. In addition 
to these two modules and five other C-size units, the vendor has announced a signifi- 
cant upgrade in the capabilities of its $6275 C-size mainframe.—Dan Strassberg 
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VMEbus International Trade, Association 


in INDUSTRY 


Hilton Interna 
21 « 22 Nove 


Topics: 


e System Architecture e Multiprocessing 

e Industrial Applications |e VFEA- VMEbus Futurebus 
e Image Processing Extended Architecture 

e Board Design e Networking 

e Real-Time Software e System to System Interfaces 
e Data Acquisition e Process Control 


e Design Tools e Robotics and Real-Time Hardware 


Conference registration includes: admission to technical sessions, exhibits, one (1) lunch per day, 
daily refreshments and one (1) copy of the Conference Proceedings. 


French Francs 
Registration fees: Before October 15t, 199 nieces FF 1650.- 
After October 1st and before November 1st, 1989 ................cssssecccssssescceesscceesccecesssecceseeccesees FF 2000.- 
After November 1st 1989 registration is possible only at the conference location .................. FF 2600.- 


Refund: Notices of cancellations received before October 1st, 1989 will result in a refund of payment less 
25% administration costs. We regret that no refunds of fees can be made after this date. 


Sellout policy: All registrations will be processed on a first-come, first-serve basis, based on the date of receipt. 
Exhibits: Over 40 software and hardware vendors of VMEbus related products are exhibiting their products 
concurrently with the conference. 


Hote] Accommodation: For participants at the Conference special room rates are offered by the Hotel 
Hilton International Orly. Participants must assure their own hotel reservation. 


Sponsored by 


THEMIS 


Co-sponsored by: 
Celogic, Eltec International, Philips 
EDN, Minis et Micros 
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tough 


attenuators 


one-piece design defies rough handling tom 


Each unit undergoes high-impact shock test 
Unexcelled temperature stability, 002 dB/°C 
2W max. input power (SMA is 0.5W) 

BNC,SMA and N models (TNC, consult factory) 
Immediate delivery, one-year guarantee 


e 50 ohms, dB values, 

279-49, 627; $7 9,.10..12.. 15; 20, 30: and 46 
e 7S5ohms dB values, 3, 6, 10, 15,20 BNC only 
e Price (1-9 qty.) 

CAT (BNC) $16.95 SAT (SMA) $20.95 

NAT (N) $23.95 


finding new ways... 
Setting higher standards 


A Division of Scientific Components Corporation 


P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 
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(1-9) 


> 


Atten. Tol. 
a3 


Atten. Change, (Typ.) 
over Freq. Range 


DC-1000 | 1000-1500 | DC-1000 MHz {1000-1500 MHz 
a 


DC-500 Mt2z (all 40 dB models) 


DC-1500 MHz 
*DC-1000 MHz (all 75 ohm or 30 dB models) 


Model Availability 
SAT (SMA) CAT (BNC) NAT (N) 
Model no. = a series suffix and dash number of attenuation. 
Example: CAT-3 is CAT series, 3 dB attenuation. 


$8.25 (1-9) 
DC to 2 GHz, 0.25W power rating, VSWR less than 1.1 
BNC (model BTRM-50), TNC (consult factory) 


SMA (model STRM-50), N (model NTRM-50) 


C 92 REV.E 
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THbhers "$11.45 


dc to 3GHZz 


e less than 1dB insertion loss over entire passband 
¢ greater than 40dB stopband rejection 

¢ 5 section, 30dB per octave roll-off 

¢ VSWR less than 1.7 (typ) 


¢ over 100 models, immediate delivery P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 984-4500 
aa Fax (71 -4661 | 
8 ees MIL-STD-202 ax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 


¢ rugged hermetically sealed package (0.4 x 0.8 x 0.4 in.) 
¢ BNC, Type N, SMA available 


LOW PASS Model 10.7 | 21.4| 30 | 50 | 70 | 100 | 150 | 200 | 300 | 450 | 550 | 600 | 750 | 850 | 1000 


Min. Pass Band (MHz) DC to 10.7 | 22.) 32.) 48 + 60 98 | 140 | 190 | 270 | 400 | 520 | 580 700 | 780} 900 
Max, 20dB Stop Frequency (MHz) 19 32 | 47 | 70 | 90 | 147 | 210 | 290 | 410 | 580 | 750 | 840 | 1000 | 1100 | 1340 


Prices (ea.): Qty. (1-9) P $11.45, B $32.95, N $35.95, S $34.95 


HIGH PASS Model 250; 300; 400; 500| 600;| 700; 800; 900; 1000 

start,max. | 41 90 1000 
Pass Renc(Mri<) end, min. | 200 400 2200 
Min. 20dB Stop Frequency (MHz) 265°. AS 720 


Prices (ea.): Qty. (1-9) P $14.95, B $36.95, N $39.95, S $38.95 
C105 REV. E 
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Speed. Low power consumption. Broad Oki SIMM that matches the design you have 


selection. Package and assembly expertise in mind. Our entire memory family is manu- 
from one supplier. All essential memory factured in an ultramodern, Class | facility, 
ingredients for your next-generation dedicated to supplying the industry’s highest 
designs. And they’re all available from Oki quality memory devices. 
Semiconductor. Our new-generation For next-generation designs, we offer 
memory modules—built with the most enhanced high-capacity DRAMs. Built with 
advanced surface mount technology—have submicron technology on 6-inch wafers, our 
been designed with your future applications 1-Mbit DRAM has all the high-performance 
in mind. features you need. 80-ns speed. 20% less 
We offer standard x8 and x9 SIMMs and power consumption for higher density 
JEDEC standard-dimension x36, x32, and packaging. Plus excellent noise immunity 
xl8s with customer specific pin-outs. No need for less bypassing and easier design. 
to design your system But that’s not all. 
around a standard part. Our 4-Mbit DRAM is 
Just specify the custom also available for your 
latest system designs. 
And because the 
4-Mbit x9 has the 


same pin-outs and 
dimensions as our 
1-Mbit x9, it easily 
replaces the 1-Meg, 
increasing memory 
fourfold without any 
board redesign. 

If you need high- 
performance features 
from a full-line memory family—Oki 
Semiconductor is your supplier. Call your 
local Oki field office today for more informa- 
tion on the next-generation memories you’ve 


been thinking about. 
EDN091489 

So. Calif. Atlanta, GA New York, NY 
(Irvine) (Norcross) (Poughkeepsie) 
714/752-1843 404/448-7111 914/473-8044 
(Sherman Oaks) Chicago, IL Philadelphia, PA 
818/990-3394 (Rolling Meadows) (Horsham) 
No. Calif, 312/870-1400 215/674-9511 
(San Jose) Boston, MA Dallas, TX 
408/244-9666 (Stoneham) (Richardson) 
Boca Raton, FL 617/279-0293 214/690-6868 
407/394-6099 Detroit, MI 

(Livonia) 


313/464-7200 


OKI 


SEMICONDUCTOR 


SIMM is a registered trademark of Wang Laboratories. 29 
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Is a surprise! 


The last thing you nee 
DC/DC converter 
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The Magic Module'— the ultimate 
in proven performance, power 
capability, size and features... 


hen designing a = W@ Fixed frequency 
DC/DC converter ~ (250 KHz) for 
into your system, you EMI reduction 
want the assurance and stability 
that a surprise is not @ 6 sided RFI 
going to pop up. shielding 
With Electronic available 


Measurements’ EMQ 
Series of Magic Modules, 
you have the assurance of dependable 
performance, since the design incor- 
porates proven fixed frequency, forward 
converter technology with current mode 
control and a nominal frequency of 
250 kHz. Another good reason to 


TRONIe 


@ RMS current reduced to negligible | 
levels in a short circuit mode 

@ Unit latches off in an overvoltage 
or over temperature condition 

@ Operates in the N+1 Mode for sys- 
tem redundancy 

Mi Standard units include outputs from 

—— 2 5 to 48 VDC, inputs from 10 
choose the Magic Module is size. The to 300 VDC, 50 to 200 Watts 


C 


E 
EAS 


EL 
M 


G 


EMQ series also offers the highest power power out | 
rating for any self contained 5-V output, high § Thermal characteristics allow for PC board mount | 
density, board mounted unit available. with only natural connection up to 50 watts | 
For example, the EMQ48-05-40, rated at Best of all, you have the assurance that | 
200 W, occupies a footprint of only 2.4" x 4.6" THE MAGIC MODULE comes from Electronic | 
with a 0.625" profile, and a nominal input of 48VDC. Measurements, a company with over 40 years of | 
For a pleasant surprise, check these MAGIC Power conversion experience. 
MODULES features: THE MAGIC MODULE brochure is yours for the 
Mi More watts per cubic inch than any other asking. If you need information immediately, call 
40 Amp. converter TOLL FREE 1-800-631-4298 ;-— 
Mi Forward converter topology for proven (In NJ, HI, AL and Canada 
reliability 201-922-9300). 


A PRODUCT OF 


ELECTRONIC MEASUREMENTS INC. 


405 Essex Road, Neptune, NJ 07753 ¢ CALL TOLL FREE 800-631-4298 e Fax: 201-922-9334 
(In NJ, Alaska, Hawaii & Canada Call: 201-922-9300) 


Gs) 
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The smallest package. 


EDN September 14, 1989 


a pl sales 

into your system 

with Du Pont 

Latch-N-Lok” Shielded 
Assemblies. 


Improve your system’s sales appeal with Du Pont 
Latch-N-Lok modular interconnections. 


~ Choose from the industry’s widest variety 
of compact plugs and receptacles. Straight, 
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right-angle or combination designs. Latch 
on top, bottom or side. Panels, chassis or board 


mounted receptacles. And cords—coiled or 
straight—in any length, with any number of 


conductors, and foil, serve or braid shielding. 
Whats 1 more, Latch-N-Lok can use a variety of 


wire gauges (22 to 30 AWG) within an assembly. 
All of these combinations can be customized 


SAA URED NN NENNRNENNMENNER RON eee etcetera AAA AAA He cee Cnn teeeuntenenteontennnnemmnmnanngnnanenntenentmancnenetmnacnnenntemneedtennedesonetnnenene be cei: 


Ateneo eeenenemecenes 


and color-coordinated to your system. Yet 
Latch-N-Lok costs no more than standard 


sonentnnententennntencnnnnenneencanannneeananenensmoneeenene oneee: tL Ha een tonteemennecemtamnnnnnegmnennnnnnnentnannremutenteannenenenrnnnecctooieennecteeececsnencecentenaeeebecscensciuseenecunecineetsettte 


connect pin-and- alice ee With a contact 
__ design proven over millions ofapplications, = 


Aca eee senonnnennneninanenMnAN NERS OAMN RCE NNN LOCOCO CRONE MTORR EOCENE ELITE IELTEEIE CTE IECEERE IER EEE EEIISESERIESESESEIEISEIEEESERESIESESSEESEESEESIESS SESE ESSENSE SESE SESE IESE SEES IESE 


For a free sample or our free brochure call 
1- 800- 233-1173. RR ARE yee, aoe ee Us EN Be ag oe AR cere Se acne ae Oe ie Bae on i ae ea eae ae Lats 
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Who takes PWM 
tofar places? 


A TRULY FINE FAMILY _ Prompt Delivery. 


Commercial Temp Range More Information. 
(—55°C to 125°C) (O°C to 70°C) 
Voltage Mode 


SG1524 SG 3524 


Sample units 
available for evalua- | 


SG1524B SG3524B tion. Because of our 
SGI525A SG3525A 
SG 1526 563596 unique manufactur- 
The General bring comme | Soin | ing technology 

designers everywhere from SG1529 ae quantity delivery is _ 

everywhere the latest arrays of PWMs for fast. Complete tech- 
an ever growing list of applications. SG1825 SG3825 nical information 
Newest PWM's include the SG1844/1845 ee SG3842 yours for the asking. | 
Current-Mode PWM Controller, SG1528/1530 High sy ae, Please address Silicon 
Speed Current/Voltage Mode Controller, SG1526B and SG1845 SG3845 General, 11861 West- 
SG1529 Regulating PWM’, and SG1825 high-speed oe een ern Avenue., Garden 


Ne 
Silicon General PWMs% are offered in voltage Phone (714) 898-8121. 


SG1528° SG3528" 
mode, current mode, and voltage and current modes. SG1530" TWX 910-596-1804. 


They are available in ceramic, plastic and surface ‘Available September 1989 FAX 893-2570. 
mount. The General processes PWM’°s and supervisory 


circuits to 883B, Rev. C and S Level. All standard 


package types are offered including SOIC, PLCC, 
LCC, and flat pack. es | LI LON 
Quality? You bet. And in very high volume 


too. MIL-M-38510 approval has been granted for our REN FRAIL. 


plant to produce JAN parts. 


current mode PWM. 
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**Fixable” kits are 
a “fixation” for him 


Jon Titus’s editorial “Design for fix- 
ability” (EDN, May 25, 1989) 
caught my interest because I’ve 
also built a number of Heathkit 
products—but with a different view 
of their fixability. They do work 
well (in fact, I’m writing this letter 
on my 11-year-old H-8 computer), 
but my experience fixing problems 
with them seems to be quite differ- 
ent from Jon’s. 

Let me relate the tales of repair- 
ing this H-8 computer. Back in the 
first days of home computers, an 
8k-byte memory board was a big 
thing—I bought three of them with 
my H-8 computer kit. After putting 
the computer itself together, the 
next step was to put together a 
memory board so I could test 
things. To make a long story short, 
the first memory board failed to 
work at all—I couldn’t even run the 
memory test in the ROM! Since it 
was under warranty, I let the tech- 
nician at the local Heathkit store 
worry about what was wrong. Six 
weeks later when it was fixed, the 
technician was ready to swear at 
the double-sided pe board with 
plated-through holes after finding 
and replacing three defective IC 
sockets! 

The H-8 itself contains a speaker 
that produces various beeps to indi- 
cate keypad activations, etc. One 
night shortly after I got the device 
working with the other memory 
boards, I was editing a program 
(audio-cassette I/O—no floppy 
drives at the time), and the com- 
puter began sounding off continu- 
ously. Resetting didn’t do a thing. 
I followed every test in the man- 
ual’s_ troubleshooting chart. I 
reached the box that said, “Your 
computer is up and running,” al- 
though the speaker was still sitting 
there emitting its constant 2-kHz 
tone. Fortunately, the _ local 
Heathkit store was open that eve- 
ning, so I made it just before the 
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store closed at 9:00 pm. When I 
picked the equipment up a couple 
of weeks later, the [verdict was to] 
replace the 8080 and also the sys- 
tem controller chip. 

I won't take the time or space to 
relate [the] problems when I added 
floppy-disk drives to the system, 
[but] when a flaky memory chip de- 
veloped on a 16k board after I up- 
graded to a Z80 CPU board, I paid 
over $100 to get the chip replaced 
at the local store. Seems the chip 
worked with the 8080 CPU, but 
slight timing differences made the 
chip fail with the Z80 CPU. And 
Heathkit’s technician wouldn’t 
make the effort to isolate the bit 
that failed—he just replaced all 
eight chips in the bank at $12.50/ 
chip (at a time when the same chips 
cost about $3.50 each in ads in 
Byte). 

Heathkits designed for fixability? 
Maybe some are, but not the ones 
I’ve built! 

Robert H French 
Arlington, VA 


Hot under the collar 
about cold-fusion editorial 


After reading Jon Titus’s “Weird 
science” editorial, which appeared 
in EDN June 22, 1989, I became 
very angry. I am an ME and have 
several patented inventions to my 
credit. I can only say that an edito- 
rial like that is very negative and 
puts down other scientists. Since 
cold fusion has been duplicated by 
three other groups of scientists, 
why the put-down? It seems to be 
a common malady among short- 
sighted and narrow-minded scien- 
tists, especially older and more en- 
trenched physicists and professors 
with whom I have personal experi- 
ence. 

You can’t seem to teach an old 
dog new technology. This [mind- 
set] will go on for centuries and will 
never change. Try to create some 
new invention, and everyone beats 


BRADFORD 
CUSTOM 
0 


Quick! 
Send us a 

_ sketch of the 
circuit you need. 


~ review and arrange 
for samples. Bradford special- 
IZes In resistor, capaci- 


tor, inductor anddiode 
combinations...in space- and 


™™ cost-saving 

= custom circuits. 
| Standard or 
special packaging. Excellent 
operational stability 
(+ 1/2% AR/1,000 hrs., | 
typical). Get the kind of spe- 
cial attention that can acceler- 
ate your project and keep you 
under budget. Contact: 


Bill Shaffer 
Bradford Electronics, Inc. 
. a VISHAY Company 
550 High Street 
Bradford, PA 16701-0930 
(814) 362-5717 


&, / SRADFORD ELECTRONICS 
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you down. Try to do it yourself, and 
they club you down. Try to market 
it, and they destroy your home, 
family, and even cripple you physi- 
cally. You can’t suggest new ideas 
that the old guard will accept. So 
much of true scientific [research] is 
_ 7 | | suppressed, it is ridiculous. The uni- 
SOAR 3020 3020 : a versities and colleges are so eager 
$29 5_ _. . | “@ | to get grants to falsely prove false 
Actual Sizes (AN - : , theories, it’s sickening. I invent 
2” wx 4 1/8"h | 44 new mechanical devices, and some 
— tL. * | aa day they will be on the market. 
This letter is sure to cause some 
controversy, and so are free-energy 
devices, so let’s hear from the engi- 
neers who have had the same prob- 
lems and experiences I’ve had. 
Alfred H Berger 
RB Engineering 
San Diego, CA 


(Eid Note:) Mr Berger misses the 
point. The point is that, although 
cold fusion may be real, the Utah 
researchers jumped the gun and 
made their experiments look like 
the solution to our energy problems. 
They can research cold fusion all 
they want, but they should substan- 
tiate it and back it up with good 
science.) 


Correction 


In Table 2 of EDN’s Special Report 
in the June 22, 1989, issue (pg 152), 
the gate delay for Analog Devices’ 
mixed analog-digital standard cells 
should have read 6 nsec, rather 
than 6 usec. 


YOUR TURN 


EDN’s Signals and Noise column pro- 
vides a forum for readers to express their 
Opinions on issues raised in the 
magazine’s articles or on any topic that 
affects the engineering industry. Send 


your letters to the Signals and Noise 
Editor, 275 Washington St, Newton, MA 
02158. We welcome all comments, pro 
or con. All letters must be signed, but 
we will withhold your name upon re- 
quest. We reserve the right to edit let- 
ters for space and clarity. 
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Precisely One Dollar 


MI's twenty years as the We've got them all-singles, | amplifier requirements, call 

leader in precision op duals, quads; micropower, us first at 800-843-1515. Or, 
amps bring you a true cost high-speed, low noise, and circle the reader service 
and performance break- instrumentation versions, number below for informa- 
through — the OP-177! too. If you need a cost- tion on the industry's most 

effective solution to your extensive precision amplifier 
Check the table and ae ee = | family. 
see how OP-177 de- Highest Peon py ps | | 
livers the highest _. Ab the Lowest ae | PMI's all new 
performance at the ee = a Te co tee _ | three-hour Analog 
lowest prices. —res— (WV) (uV/°C) Range  (100pc.) | Applications 
OP-177GP © 12 -40/+85°C $1.00 | Seminar is coming 

The OP-177 setsa | OP-O7DP 150 2.5 0/+70°C = $1.20 ‘| this Fall. In addi- 
new standardin | GRAMME BB GS IES S295 | tion to complete 
precision at ‘OP-177AZ 10 01 _55/+125°C $19.95 __ course notes, atten- 
10uV, 0.1nV°C ee dees will receive a 
GUARANTEED. With floppy disk with PMI's New 
prices starting at $1.00, why Advanced SPICE Op Amp 
use any other precision op Models. For more informa- 
amp? tion, call our toll-free 

: PM | number 800-843-1515. 

® 
Precision Monolithics Inc. 
1500 Space Park Drive 


Santa Clara, California 95054-3434 


ALTAMONTE SPRINGS: (407) 260-9780, ATLANTA: (404) 263-7995, BOSTON: (508) 794-0026, CHICAGO: (312) 250-0808, DALLAS: (214) 690-3495, DENVER: (303) 792-9595, 
DETROIT: (313) 930-2051, LOS ANGELES: (818) 886-6881, MILPITAS: (408) 942-8060, ORANGE COUNTY: (714) 637-9602, PHILADELPHIA: (215) 953-1070 
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SIEMENS 
GERMANY 
tbe re eit. tt 
B43550-A4108-Q 
1000 pF +30/—10"6 
350V~ 
-40---+105°C 04.89 


Less IS more 


with our new high-performance 
Al electrolytic capacitors 


for power electronics 
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SIEMENS 
GERMANY 
ea 
B43550-A4108-Q 
1000 uF +30/—10% 
350V— 
-40---4+105°C 04.89 


You really must get to know 
Siemens B43550/B 43570 
electrolytic series. If only to 
appreciate how they compare 

to run-of-the-mill capacitors in 
performance. They produce more 
of it from less capacitor, saving 
you space, weight and money. 


Their ratings speak for them- 
selves: 


rated voltage up to 400 V, current 
handling up to 50 A, good heat 
dissipation through metallic con- 
tact between winding and case 
bottom (projecting cathode foil), 
lifetime in terms of decades and 
working temperatures up to 
10576. 


All in all, capacitors with an 
attractive budget. 
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SIEMENS 
GERMANY 
LiL LL ee 
B43550-A4108-Q 
1000 uF +30/—10% 
350V— 
-40---+405°C 04.89 


Less More 


current @® 
handling 


temperature @® 
useful life @ 


© space 


© weight 
© cost 


And because our range of Al elec- 
trolytic capacitors Is so diversified, 
we can always come up with the 
optimal solution. You can call us 
for advice at any time, for applica- 
tion-specific designs too. For an 
initial briefing write 

Siemens AG, 

Division Passive Components and 
Electron Tubes, PRVF, 

Balanstrasse 73, 

D-8000 Munich 80 

quoting 

"High-performance electrolytic caps” 


The components make it - 
Siemens. 
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A19100-PR100-x-7600 


In the computer industry with its 
never ending goal of miniaturiza- 
tion, nothing is more important 
than using the highest perform- 
ance engineering plastics. 


And Amoco Performance 
Products provides the highest 
performance resins that make 
Me down sizing of components 

. possible. 


_ Our Xydar® resin, for example, has 
ee excellent dimensional and creep 
stability at elevated temperatures. 
It is anatural choice for higher 

@ 3 density connectors and IC sockets. 
w « Plus, ithas low ionic contamina- 
tion and is ideal for surface mount 
assembly. 


For more information, write 

for our brochure, “Engineering 
Plastics for Performance — 

and Value.” Amoco Performance 
Products, 38 C Grove Street, 
Ridgefield, CT 06877. Or call 
1-800-621-4557. 


AMOCO 


Amoco Performance Products 
The higher performance plastics. 


Xydar® resin was chosen by J.M. Ney 
for this extremely high temperature burn-in 
socket because of its dimensional and creep 
stability at temperatures above 200°C. 
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Improve your products 
with GORDOS Hybrids 


° Significant Size Reductions 

e Longer Life 

e Tighter Tolerances At Lower Cost 
¢ /mproved Noise Immunity 

¢ Circuit-to-Circuit Uniformity 

e Design-to-Spec or 

Build-to-Print 


Put GORDOS 
technology to work 
for you! 


¢ Conventional And Power 
Hybrids ¢ Fast Turnaround 
¢ Full In-house Capabilities 
¢ Automated Manufacturing 
¢ Computerized Quality Control 
¢ A Decade of Hybrid Experience 


1000 North Second Street 
Rogers, Arkansas 72756 
PHONE: 1-800-643-3500 
PHONE: 501-636-5000 
FAX: 501-636-2305 


GO FIRST TO... 


GORDOS 


A Flint Industries Company 
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“Way Circuit specials 
are drawn to our Guide. 


Working with magnetics poses a unique set of chal- 
lenges, which |s why circuit specialists appreciate the hard- 
to-find advice they find in our Transformer Application 
Guide. Like how to determine VA rating. How to size 
rectifier circuits. How to estimate secondary RMS voltage. 
How to determine capacitor factors. And much more. 

You can own this special design Guide— free—by 
writing to us at East Bridgewater, MA 02333. Or by calling 
1-800-422-1107. In Massachusetts, (508) 378-5260. 


FOXBORO 
See eae 


Foxboro/Power Components Group 
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CALENDAR 


1989 Annual Conference of the In- 
ternational Federation of Con- 
sulting Engineers, Washington, 
DC. Jeanne Quick, American Con- 
sulting Engineers Council, 1015 Fif- 
teenth St NW, Washington, DC 
20005. (202) 347-7474. September 
24 to 27. 


Expo SMT International, Las 
Vegas, NV. Expo SMT, Box 1869, 
Los Gatos, CA 95031. (408) 354- 
0700. FAX 408-354-1036. Septem- 
ber 25 to 27. 


Hybrid Microcircuit Technology 
(short course), Bethlehem, PA. Na- 
tional Training Center for Micro- 
electronics, Northampton Commu- 
nity College, 3835 Green Pond Rd, 
Bethlehem, PA 18015. (215) 861- 
5450. FAX 215-861-5373. Septem- 
ber 25 to 29. 


Diskcon, San Jose, CA. Julie Sun- 
seri, 710 Lakeway, Suite 170, 
Sunnyvale, CA 94086. (408) 720- 
9352. FAX 408-736-2523. Septem- 
ber 26 to 27. 


IEEE International Conference 
on Computer Design (ICCD ’89), 
Cambridge, MA. Giovanni De 
Micheli, Center for Integrated Sys- 
tems, Room 129, Stanford Univer- 
sity, Stanford, CA 94305. (415) 725- 
3632. October 2 to 4. 


Electronic Imaging Conference 
East, Boston MA. MG Expositions 
Group, 1050 Commonwealth Ave, 
Boston, MA 02215. (800) 223-7126; 
in MA, (617) 232-3976. October 2 
to 5. 


20th Korea Electronics Show, 
Seoul, Korea. Joseph Burke, US 
Department of Commerce, Wash- 
ington, DC 20230. (202) 377-5014. 
October 7 to 12. 


Policy and Parity: The Future of 
US-Japan High Technology Trade 
Policy (symposium), Boston, MA. 
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FORETELLS YOUR DEVELOPMENT NBED 


ICROTEK offers a complete 
line of MICE (Micro-In-Circuit- 
Emulator) for most popular 8, 
16 and 32-bit microprocessors. These 
series of MICE are capable of 
debugging high speed targets without 
accumulating wait state, e.g. 25 MHz for 
68020, 16 MHz for 68000/80C186. 
Protected Mode in 80386, coprocessor 
emulation in 16/32 bit series and 
bus/execution breakpoints in all series, are 
few examples of MICE powerful emulation 
features designed to meet advanced 
development needs. 


IC 


All MICE series could work well with IBM 
PC/XT/AT*, IBM PS/2*, VAX*, nVAX*, 
Apollo*, Sun* and NEC* 98 series. Cross 
assembler/compiler, symbolic debugger and 
high level language debugger are also _ 
available to offer optimized software tool 
supports to an advanced development 
environment. 

MICE SERIES AVAILABLE MODELS 


32-BIT | 80386, 68020 (25 MHZ) 


Pewee oy 


FER eee es 


MICROTEK INTERNATIONAL INC, 


HEADQUARTERS 
Tel: 886-35-772155 Fax: 886-35-772598 
Telex: 32169 MICROTEK 


U.S.A. OFFICE 
Tel: (213)321-2121 Fax: (213)538-1193 
Telex: 797880 MICRO 


EUROPE OFFICE 
Tel: 49(211)556181 Fax: 49-211-572362 
Telex: 8584020 : 


e AUSTRIA ALLMOS ELECTRONIC (222)6271954 * BELGIUM SIMAC ELECTRONICS BV. (2)2523690 * DENMARK SC METRIC A/S (2)804200 ©¢ ENGLAND ARS 
MICROSYSTEMS (276)685005_ « FINLAND OY COMDAX AB (0)670277_  « FRANCE M_T-E. (1)39618228 ITALY PRATICA SRL (11)503427 *° NETHERLANDS SIMAC 


ELECTRONICS B.V. (40)582911 °¢ NORWAY MORGENSTIERNE & CO A/S (2)358110 
AB (8)7349935 © SWITZERLAND TRACO ELECTRONIC AG (1)2010711 
e INDONESIA PT. ASCII (21)6002305 
¢ KOREA DAESANG INC. (2)7196438 © NEW ZEALAND NORTHROP INSTRUMENTS (4)856658 
COMPUTRONICS 7468182 e THAILAND ANA-DIGIT COMPANY (2)2217040 
S.R.L. (1)469518 ¢ BRAZIL DIGIBYTE SISTEMAS DIGITAIS (11)2413611 


e HONG KONG IDEALAND ELEC. (3)7443516 


MEASUREMENT (011)7883710 


¢ SPAIN NOVATRONIC, S.A. (4)4520811  »* SWEDEN NORDISK ARRAYTEKNIK 
° W. GERMANY ALLMOS ELECTRONIC (89)8570000 1» AUSTRALIA MACRO DYNAMICS (3)7202399 
* ISRAEL ARITMOR (3)5447475 ~« JAPAN CORE DIGITAL CORP. (3)7955171 
e PAKISTAN EAST WEST SYSTEMS (21)529827 SINGAPORE EPE 
¢ THAILAND SANYA PHANICH (2)2225223 ¢ ARGENTINA MICROTEC INGENIERIA 
* CHILE EQUIPOS INDUSTRIALES S.A.C.I. (2)716882 ¢ SOUTH AFRICA PROTEA TEST & 


* Registered Trademarks: PC/XT/AT, PS/2: International Business Machines; VAX, nV AX: Digital Equipment Corporation: Apollo: Apollo Computer Inc; Sun: Sun Microsystems, Ine: NEC: NEC Corporation. 
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/ Desert to Wet World 


action, miniature and subminiature 
sizes, choice of front panel appear- 
ance and button colors. 


Survival! That’s what you can expect 
from OTTO precision snap-action 
pushbutton switches. Sealed to sur- 
vive the rigors of industrial, commer- 
cial and military applications, these 
switches are available in momentary 
and alternate (push-on, push-off) 


Sealed against dirt and water. Electrical 
ratings from computer level to 10 Am- 
peres. Contact resistance < .025 ohms. 


OTTO. 


CONTROLS Division, OTTO ENGINEERING, INC. 
2 East Main Street ¢ Carpentersville, Illinois 60110 © Phone: 312/428-7171 © FAX 312/428-1956 © TELEX: 72-2426 
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Two Outstanding Ways to Save. Rig 


Offer Ends 
Oct. 31, 1989 


get our top-of-the-line LP4000" pen aber loaded with 
extras for just $4,995; or you can get the same package, 
and our PlotServr Plus” file server, for only $5,495. Think 
of it, a complete plotting solution for about half of what 


you might otherwise pay. 


This unique offer ends soon, 
so act now. Talk to your local 
Ioline dealer or call us at 
(206 ) 821-2140 for details. 


lIOLINE CORPORATION 


12020 - 113TH AVE. NE KIRKLAND, WA 98034 


FOLINE 


se <TR 
PLOTTING SYSTEMS 


A Great Return on Your Investment” 


(206) 821-2140 
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CALENDAR 


Janet Fannon, Clearpoint Research 
Corp, 99 South St, Hopkinton, MA 
01748. (617) 435-2301. October 12 
to 14. 


SECS Communications Seminar, 
San Jose, CA. GW Associates Inc, 
1188 Bordeaux Dr, Suite 27, 
Sunnyvale, CA 94089. (408) 745- 
1844. FAX 408-745-6395. Octo- 
ber 13. 


Systems 89, Munich, West Ger- 
many. Gerald G Kallman, Kallman 
Associates, 5 Maple Ct, Ridge- 
wood, NJ 07450. (201) 652-7070. 
FAX 201-652-3898. October 16 
to 20. 


Northeon/89, Portland, OR. North- 
con/89, 8110 Airport Blvd, Los An- 
geles, CA 90045. (213) 772-2965. Oc- 
tober 17 to 19. 


Sean-Tech ’89, San Jose, CA. Jane 
Yallum, AIM USA, 1326 Freeport 
Rd, Pittsburgh, PA 15238. (800) 
338-0206. FAX 412-963-8753. Octo- 
ber 17 to 19. 


Supercomputing World, San Fran- 
cisco, CA. MG Expositions Group, 
1050 Commonwealth Ave, Boston, 
MA 02215. (800) 223-7126; in MA, 
(617) 232-3976. October 17 to 20. 


Unix Expo ’89, New York, NY. 
National Expositions Co, 15 W 39th 
St, New York, NY 10018. (212) 391- 
9111. FAX 212-819-0755. Novem- 
ber 1 to 3. 


Wescon/89, San Francisco, CA. 
Wescon/89, 8110 Airport Blvd, Los 
Angeles, CA 90045. (218) 772-2965. 
FAX 213-641-5117. November 14 
to 16. 


VMEbus _ in_ Industry, Paris, 
France. VMEbus International 
Trade Association, Box 192, NL- 
5300 AD Zaltbommel, The Nether- 
lands. 31-4180-14661. FAX 31-4180- 
15115. November 21 to 22. 
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CeC Computers and Communications 


Mastering 
the micron universe. 


For fast answers, call us at: 


Tel:1-800-632-3531. TWX:910-379-6985. Tel:0211-650302. Telex:8589960. Tel: 
040-445-845. Telex:51923. Tel:08-753-6020. Telex:13839. Tel:1-3946-9617. Telex:699499. 
Tel:02-6709108. Telex:315355. UK Tel:0908-691133. Telex:826791. Tel:3-755-9008. Telex:54561. 


Tel:02-522-4192. Telex:22372. Tel:4819881. Telex:39726. Tel:03-267-6355. Telex:38343. EDN September 14, 1989 
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Innovative pellet technology 
creates tantalum caps with 
built-in fuse or smaller case. 


Each micron of NEC’s innovative tantalum 
pellets carries extra capacitance power. 


SO we can give you a built-in fuse without 


any increase in case size, 

or a smaller case without 
any decrease in capacitance 
value. 


Built-in fuse 
enhances safety. 


Our SVE-Series tantalums 
incorporate a fuse to mini- 
mize damage from reverse 
current. SVE capacitors are 
compatible with the R-Series 
and are ideal for noise 
absorption in computers, 
terminals or measuring 
equipment. Choose from 21 
types with ratings from 1.0 to 33 wF and 
from 10 to 50 V DC. 


10 ZF power 
in the industry’s smallest case. 

R-Series extended-capacitance chips offer 
ratings up to 10 uF in the A case measuring 
1.6 xX 3.2 x 1.6mm. The extended R-Series 
consists of 46 device types with ratings 
from 0.47 to 100 uF and from 4 to 35 V DC. 

NEC not only produces more tantalum 
caps than anyone in the industry, we also 
invest more of our resources in intensive 
R&D programs dedicated to giving you 
the best device for your design. 
To find out how our tantalums give you 
maximum performance per micron, 
call NEC today. Ask about the SVE-Series 
with the built-in fuse or R-Series extended- 
Capacitance chips. 


© 1989 United Parcel Service of America, Inc. 


AAA 5733 UPS | AAA 5684. UPS 


Here's something that will help everyone 
sleep better. Except our competition. 


At UPS, we have something that will help the morning to the vast majority of people across 
assure you a restful night’ sleep when it comes to the country. 


overnight delivery. And because of our efficiency, were still able to 
Its guaranteed UPS Next Day Air* do all of this for up to half what other companies 
For some time UPS has been the only company — charge. 

fast and reliable enough to deliver overnight to All of which is guaranteed to give our 

every single address coast tocoast. And we guaran- competition a restless nights sleep. Ups 

tee it, or you dont pay for it. And you a comfortable one. 


® 
What's more, we'll even guarantee delivery in Werunthetightest ship in the shipping business. 


See our current Next Day Air Service Explanation and Air Service Guide for complete guarantee details. 
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EDITORIAL 


Don’t switch 


At least one member of the Committee of Concerned EEs advocates 
switching from engineering to almost any other career. That’s poor advice; 
in spite of uncompensated overtime and a less than professional image, 
engineering can still be a rewarding career. In fact, an exodus from engi- 
neering could have the opposite effect to the one the CCEE’s Irwin Feerst 
wants. If today’s engineers left for other careers, engineering work would 
go quickly overseas—to Europe and Asia—and that’s an anathema to 
Feerst and to most US engineers. Engineers should work to improve their 
profession. Things aren’t so bad that it’s time to quit. 


Let industry do it 


As Senators and Congressmen debate the annual military budget and how 
to cut it, they ought to look at the military’s dismal record in using military 
technology for civilian applications. The very high-speed integrated-circuit 
(VHSIC) program is an example of advanced technology developed for 
military use. Unfortunately, not one of the Phase II VHSIC suppliers— 
Honeywell, IBM, and TRW—has any plans for commercial use of its 
advanced IC technology. Perhaps future military-technology efforts should 
include funds for commercialization of developments; or maybe the govern- 
ment should let commercially oriented businesses do the technology-devel- 
opment work. 


Hooray for IBM, sort of... 


I’m pleased to read that IBM is producing 4M-bit dynamic RAM (DRAM) 
chips in the US. It just goes to show that US technology can compete 
against foreign technology when management is committed and has enough 
money to fund the work. However, it’s unlikely that IBM will sell its 
DRAM ICs on the open semiconductor market, so US computer manufac- 
turers such as Compaq and Zenith will have to go to Asia for their 4M-bit 
chips. It’s a shame that a US company has an advantage that won’t help 
other US manufacturers. 


Southern trouble 


At a time when we're concerned about the direction of the People’s Repub- 
lic of China, we should also spend time looking closer to home. In Central 
and South America, poverty is rampant, and inflation rates are as high 
as 1000% per year. According to Business Week, hundreds of people died 
in Venezuela in February during “anti-austerity” riots. China makes the 
news—Venezuela doesn’t. Many people who live south of the US-Mexico 
border look to the US for salvation. In fact, many of them sneak into the 
US daily, seeking relief from war, repression, and poverty. It has been 
said that charity begins at home; it also begins with our neighbors. The 
Simpson-Rodino Bill makes it more difficult for illegal immigrants to stay 
in the US, but it doesn’t weaken their aspirations to come to the most 
economically powerful country in the world. It’s time for concerted action 
to help our southern neighbors and friends. 


Jon Titus 
Editor 
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NUMBER ONE FOR ASICS 


Innovation: At Plessey, 

new ideas, new designs, new 
applications and new techno- 
logies are what we do best and 
what we do first. 


And while newness counts, 

so does practicality. The price/ 
performance factor is integral 
to everything we do. Unlike some, we're not interested in 
creating flashy technology that no one can afford to use - 
or in solutions for which there is no problem! 


some means both breadth and depth 


Plessey’s broad product line is key to our leadership role. 


We offer an incredible choice of arrays that include our 


advanced “Read Channel” disk drive technology that we 
offer in highly flexible forms. Custom. Semi-custom. 
Standard. Semi-standard... The choice is yours. 


As an ASIC company we supply the 
world with all manner of ASICs - analog, 
digital and mixed analog/digital in a . 
variety of advanced state-ofthe-art 
processes. In fine a i y high 
density CMOS, bipolar and ECL 
technologies we provide the highest 
levels of performance and system 
integration available today. 


As an ASSP (Application Specific Standard 

Product) company our standard product range 
offers the highest performance products available 

in the world today. Capabilities ranging from CMOS 
devices operating with only 10uA of current to the 
world's most advanced 1.3 GHz monolithic amplifier. 


PLESSEY Semiconductors Offices located in: Australia, ia, Belgium, Canada, 


PLESSEY 


Semiconductors 


Leadership also means being colorful 

Plessey’s family of advanced DSP products offer 

you technology leadership in a variety of advanced 
image processing applications. For example our DSP 2D 
Convolver can easily handle 40 million pixels per second 
and it can be tailored to many specific applications like 
Medical, Military, or even 
the motion picture industry. 
It comes with its own cell 
libraries - written for DSP- 
not the typical all-too-gen- 
eral cell libraries others 
offer. Plessey also leads 

the way with compression - 


techniques. And it’s vital technology because as resolution 

improves with for example, HDTV, color copiers, color FAX 

machines or ultra-sonic imaging; disk space can be quickly 

gobbled up, unless you know how to put the squeeze on 
your images. Plessey shows you how. 


The search for excellence is over 

Search no more, start at the top with Plessey. 
Whether you're looking for a low-cost entry in 
stand-alone linear array design, JTAG Built In 
Test capability, machine vision, digital cellular 
phones, satellite or Global Positioning Systems, 
look to Plessey. We understand systems, com- 
ponents, packages and systems-on-a-chip. Plessey 
has them all. And you can have them all. 


For more information and your copy of our 1989 full color 
80 page short form/brochure call: In North America, 1-800- 
441-5665, (FAX: 408-475-1227) or outside North America, 
44-793-726666 (FAX: 44-793-518550). 


Denmark, Finland, France, Greece, Malaysia, New Zealand, Hong Kong, Htaly, India, Japan, Korea, Netherlands,Norway, Scandinavia, Singapore, South East Asia, Spain, 


, Austra, 
Sweden, Taiwan, Turkey, United Kingdom, United States, West Germany, MEGACELL, PLESSEY and Plessey symbol are trademarks of the Plessey Company pic. 


EDN September 14, 1989 


CIRCLE NO 53 57 


RF Design Simplified. 


Use Toko’s RF Building 


and Stop Going to Piec 


Now you can reduce your RF design and 


component sourcing problems with just one phone 


call. Toko can supply more than 75% of the com- 


ponents required for most RF design projects, with 


“building blocks” that save time and space. 


LOY] Toko is the world’s largest manufacturer 


of small coils, with radial and axial 
leaded-inductors and SMT inductors— adjustable 
or fixed, in single or multiple coil configurations. 
We have what you're looking for. 
Pe] Why design a complex LC or helical 
filter when Toko already makes it! We 
offer a wide variety from 4mm SMT styles to 


helical filters large enough to handle RF power 
signals—all in single or multiple configurations. 


For I-F amplification and detection, 
Toko offers a variety of ICs to simplify 


design and reduce product size. Other available 
58 


types include: compandors for noise reduction, 


Blocks 
s! 


Let Toko put the pieces together for you. For 


equalizers, analog switches and voltage regulators. a free catalog or information on samples, 


—{f§|— For I-F or oscillator circuits, Toko 
ceramic filters and oscillating elements 

are an alternative to more costly technology. 

These high Q devices are also extremely compact 


and stable. 
<< With over 36 stock types in a wide 
range of capacitance values, Toko has 
the varactor diodes you need, in SMT or SIP 
packages. An exclusive manufacturing process 
eliminates tracking errors in matched sets. 
E> The fastest way to design and produce 
your next RF design project is with 


Toko RF modules. Utilizing the latest hybrid circuit 


technology, these circuits will also save space and 
cost. Custom variations are also available. 
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contact Toko America today. 
312) 297-0070; FAX (312) 699-7864. 


[<a TOKO 


TOKO AMERICA, INC. 


Your strategic partner... 
for all the right reasons. 
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TECHNOLOGY UPDATE 


Today’s motor- 
control ICs are tai- 
lored to specific 
motor-speed and 
position-control 
applications, ex- 
tending circuit 
choices and per- 
formance levels for 
your special re- 

| quirements. 


Dave Pryce, 
Associate Editor 
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MOTOR-CONTROL/DRIVER ICs 


Dedicated circuits suit 
a wide variety of tasks 


ime was when designers of 
motor-control circuits were 
forced to put together an un- 
wieldy collection of discrete 
components in order to sat- 
isfy their requirements. The prolifera- 
tion of computer peripherals such as 
disk drives and printers, however, 
greatly expanded the variety and num- 
ber of applications for these dedicated 
circuits. As a result, early in this dec- 
ade, manufacturers rapidly expanded 
the range of complete circuits specifi- 
cally dedicated to the task of providing 
high-performance motor-speed and posi- 
tion control. 

Probably the most successful of the 
first-generation, mass-produced ICs to 
provide dedicated control and drive for 
stepper motors was the 
PBL3717 from Ericsson 
Components. Introduced 
in 1982 under the RIFA 
logo, the PBL3717 was 
originally a custom cir- 
cuit for Husqvarna, a 
Swedish sewing-machine 
manufacturer. At _ the 
time, the  PBL8717 
outperformed all other 
circuits in terms of 
achievable torque and 
stepping speed, and it 
soon found a home in 
disk-drive applications. 

Still popular today, the 
PBL3717 comes in a 16- 
pin batwing DIP and pro- 
vides switch-mode cur- 
rent regulation (chopper 
drive) for one winding of 
a bipolar stepper motor. 


The PBL3717 features full- and half-step 
modes, digitally selectable current lev- 
els, a 10 to 45V operating range, and a 
maximum current rating of 1.0A (0.8A 
recommended). The IC costs $1.38 
(1000). 


Others jump on the bandwagon 


Quick to recognize a good thing, both 
Unitrode and Cherry Semiconductor in- 
troduced their own versions of the 
PBL3717 under their respective UC and 
CS prefixes. Later, SGS-Thomson and 
others also offered pin-compatible 
equivalents. Moreover, all of these 
manufacturers—including the origina- 
tor, Ericsson—began upgrading the 
original 3717 to handle higher currents. 
Dual versions in various package options 


Three-phase controller chips, such as this PBM3961 from Eric- 
sson Components, are commonly used for spindle-speed control in 
Winchester disk drives. 
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THE WESTCOR STAKPAK™, NEW 
GENERATION 250 TO 1200 WATT 
SINGLE OR MULTIPLE OUTPUT OFF- 
LINE SWITCHER. 3.2 X 5.5 X 11.4 INCH 
CASE. FAN-COOLED. 


Stack the odds in your favor by design- 
ing-in Westcor’s 6 watt/cubic inch high 
power megahertz switcher. Capitalizing on 
patented and proven megahertz module 
technology and innovative thermal man- 
agement techniques, the StakPak provides 
up to 1200 watts of power at 50°C with 1 to 
8 isolated and fully regulated outputs. 

For existing designs the StakPak’s small 
size and low profile allow system enhance- 
ment without mechanical redesign. Simply 
replace your open frame switcher with up 
to 1200 watts of StakPak power or replace 
your “box switcher” with 2 StakPaks and 
realize up to twice the power without 
losing additional space. StakPak power 
factor correction provides 850 watts of 
output power from a standard 115 VAC 
wall outlet. In new designs, more space can 
be devoted to functionality or the system 
can be downsized. 


The StakPak’s 8 module output section 
can be factory configured in virtually an 
infinite number of voltage, current and 
power combinations. Special models 
providing between 250 to 1200 watts and 
outputs from 2 to 95 VDC are available. 

Other features include outstanding elec- 
trical performance; UL, CSA, VDE safety 
agency approval (in process); variable 
speed fan option for low ambient noise 
enviroments and 3 phase or DC input op- 
tions. Indeed, with unprecedented power 
density, versatility and new features, the 
StakPak redefines power packaging. Please 
contact Westcor for a data sheet, pricing 
and additional information. 


™ 


STANDARD 1200 WATT STAKPAK MODELS 
(110/220 VAC input) 


Model Output Voltage (VDC) and Maximum Current 
(amperes) per Channel 
#] #2 #3, #4 #5 
Single Output 
SP1-1801 2 @ 240 
SP1-1802 5@240 
SP1-1803 12 @ 100 Total output power may not exceed 
SP1-1804 15 @ 80 1200 watts for any model, single 
SP1-1805 24@ 50 or multiple output. Lower power 
StakPak models are available. 
SP1-1806 28 @ 42 Please contact the factory. 
SP1-1807 48@25 
Dual Output 
SP2-1801 2@120 5@120 
SP2-1802 5@120 5@120 
SP2-1803 5@120 12@66 
SP2-1804 12@66 12@66 
SP2-1805 15@53 15@53 
Triple Output 
SP3-1801 5@180 12@16 12@16 
SP3-1802 5@150 12@33 12@16 
SP3-1803 5@180 15@13 15@13 
SP3-1804 5@150 15@26 15@13 
Quad Output 
SP4-1801 5@150 12@16 12@16 5 @ 30 
SP4-1802 5@150 15@13 15@13 5 @ 30 
SP4-1803 5@150 12@16 12@16 24@8 
SP4-1804 5@150 15@13 15@13 24@8 
Five Output 
SP5-1801 5@120 12@16 12@16 5 @ 30 24@8 
SP5-1802 5@120 15@13 15@13 5@30 24@8 


WESTCOR CORPORATION e 485-100 Alberto Way © Los Gatos, CA 95032 # (408) 395-7050 ¢ FAX (408) 395-1518 
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Motor-control/driver ICs 


also became available. 

Because the derivatives of the 
original PBL38717 are seemingly 
countless, we'll discuss only the 
most significant ones. Ericsson of- 
fers two upgrades to its original 
3717. The PBL3717/2 raises the cur- 
rent rating from 1.0 to 1.2A, and 
in addition to the pin-compatible 16- 
pin DIP, it’s also available in a 28- 
pin plastic leaded chip carrier 
(PLCC) for surface-mount applica- 
tions. The PBL8770A, rated at 
1.8A, also comes in a 16-pin DIP 
and a 28-pin PLCC, but it doesn’t 
contain the top-side diodes in the 
output bridge circuit—a _ conse- 
quence of its higher current rating. 

Cherry Semiconductor (CSC) and 
Unitrode Integrated Circuits also 
offer upgrades to the 3717. The Cs- 


3717A from CSC is identical to the - 


PBL3717/2, and its CS-8770A—al- 
though rated at a slightly lower cur- 
rent of 1.5A—is otherwise identical 
to the PBL3770A. 

The UC3770A/B from Unitrode is 
not only rated at 1.8A (like the 
PBL3770A), but also has the advan- 
tage of including on-chip diodes. 
The UC3770 features a saturation 
voltage of only 1.8V at 1A output 
current. The A and B versions are 
identical except for current-sense 
thresholds. The A version matches 
the older UC3717, and the B ver- 
sion is tailored for microstepping 
applications where 50, 71, and 100% 
of current levels are desirable. 

Prices for these 3717/3770 up- 
grades vary by current rating and 
package options, but they all cost 
between $1.38 and $2.85 (1000). 
Look carefully at the data sheets 
as well as at the cost. Current rat- 
ing, saturation voltage, package 
dissipation, and pin-compatibility 
all play a role in the selection proc- 
ess, and the performance tradeoffs 
aren’t always apparent at a first 
glance. : 

In addition to the many choices 
available for single-circuit 3717/ 
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This unipolar stepper-motor driver, the L6223 from SGS 


avin kna 


-Thomson Microelectronics, uses 


the company’s BCD (bipolar, CMOS, DMOS) technology. 


3770 devices, at least two vendors 
(Ericsson and Sprague) offer dual 
versions. Using these dual-circuit 
controllers, one IC can drive both 
phases of a bipolar stepper motor. 

Sprague’s Semiconductor Group 
offers two devices, the UDN2916 
and the UDN2917. The UDN2916 
is a dual, full-bridge, PWM motor 
driver that operates over 10 to 45V. 
The output bridges, which include 
both ground-clamp and flyback di- 
odes, are rated at 0.75A per chan- 
nel. Similar to two PBL3717s, the 
chip includes thermal-shutdown cir- 
cuitry. The UDN2916 is available 
in a 24-pin batwing DIP with a cop- 
per lead frame for $2.09 (1000). The 
device is also available in a 44-pin 
PLCC. 

The UDN2917 is similar to two 
PBL38770s, and it’s basically the 
same as the UDN2916, except for 
its higher current rating of 1.5A per 
channel. The UDN2917 is available 
in a 28-pin DIP with a heat-spread- 
ing copper slug and in a 44-pin 
PLCC. In the DIP package, the 
UDN2917 costs $3.27 (1000). 


Ericsson Components also offers 
a dual controller/driver for bipolar 
stepper motors. The PBL3772 is 
targeted for high-density, surface- 
mount applications and is available 
only in a 28-pin PLCC. Ericsson is 
just going into production on the 
devices and estimates unit pricing 
at $3 (10,000). The internal circuitry 
of the PBL8772 is optimized for 
both high-accuracy microstepping 
performance and low power dissipa- 
tion. 

Rated at a maximum output of 
1A per channel, the PBL3772 (Fig 
1) handles the problem of power 
(heat) dissipation by using as many 
as six external diodes, and by its 
inherent reduction of the saturation 
voltage in the upper transistors of 
the output stages. At a total output 
current of 1.5A (2x0.75A), for ex- 
ample, the PBL3772 dissipates less 
than 2W—a significant improve- 
ment over two PBL3717s, which 
dissipate as much as 3.5W at the 
same output current. 

Other applications are better 
served by a unipolar drive than a 
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bipolar drive. Many of the carriage 
motors and paper-feed motors in 
dot-matrix printers are unipolar 
wound, and several suppliers offer 
controller/drivers for these types of 
stepper motors. The L6223 from 
SGS-Thomson, an innovative sup- 
plier of power-management and mo- 
tion-control circuits, is a notable ex- 
ample. 

The L6223 operates from a 5V 
logic supply and a 9 to 46V motor 
supply. The output stages can de- 
liver as much as 1A per phase to a 
2-phase unipolar motor. Fabricated 
using the company’s BCD (bipolar, 
CMOS, DMOS) technology, the 
L6223. has a parallel wP interface 
for full- or half-step motor rotation 
and a serial interface for 6-bit pro- 
gramming. 

The internal 6-bit shift register 
lets you program the device for dif- 
ferent duty cycles in the open-loop 
mode and for different chopping fre- 
quencies in closed-loop mode. When 
the current control is in the closed- 


loop mode, you can also select a re- . 


duced current level to optimize sys- 
tem efficiency. The L6223 comes in 
a 20-pin (16+2+2) power-DIP 
package that features four ground 
leads for heat sinking the chip to 
the pc board. It costs $2.50 (10,000). 

Although the majority of posi- 
tioning applications hum happily 
along under stepper-motor control, 
many require faster and more pre- 
cise control. In today’s high-density 
Winchester disk drives, for exam- 
ple, data is stored on tracks that 
are very close together. This in- 
creased density, coupled with ac- 
cess times in the 14- to 18-msec 
range, requires the improved head- 
positioning accuracy and faster op- 
eration usually obtainable only with 
a servo-controlled voice-coil motor. 

One example of an appropriate 
servo controller is the EL2037 from 
Elantec. Because it has less than 5 
mA of output offset current, the 
EL2037 allows precise positioning 
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Fig 1—This dual-circuit controller/driver, the PBL3772 from Ericsson, can drive both 
phases of a bipolar stepper motor. The device features high-accuracy microstepping, low 
power dissipation, and provides 1A of drive current per phase. 


of the heads over the proper track 
during read/write operations. Fur- 
ther enhancing the accuracy is a 
class-AB output stage, which elimi- 
nates crossover distortion—an im- 
portant consideration in embedded 


BUFFERED DAC 


O INPUT VOLTAGE 


servo systems. The IC also provides 
logic-controlled head parking with 
a constant-velocity drive. This func- 
tion uses the back EMF of the spin- 
dle motor as the only required volt- 
age during power-down. 


LINEAR 
ACTUATOR 


* = 1% TOLERANCE 


Fig 2—In this 3'2-in. Winchester disk-drive application, the SG3272 dual op amp from 
Silicon General drives a voice-coil motor (linear actuator). 
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Experience makes the difference 


Raytheon’s experience gives you the winning ECL combination 


Raytheon’s ECL array family 
performs at a fraction of the power 
of competing ECL technologies. 
Proven ECL logic arrays are denser 
than 1.5 micron CMOS arrays. 


[| Here now: ECL arrays witha 
proven track record. Raytheon’s 
extensive experience in design, 
prototype and production devices 
gives you the highest level of 
confidence. 


_] Highest density: CGA 70E18: 
12,800 equivalent gates 
CGA 40E12: 7,752 equivalent gates 


CGA 1ME12: 4,584 equivalent 
gates and 1280 bits of RAM. 


_] Performance: Superior speed/ 
power performance—<0.1 pJ; 300 
ps delay; 300 pW power dissipation 
(typical gate). 


_] Ease of design: Raytheon’s 
contiguous row array topology 
provides a superior design approach 
when compared to fixed position 
cell-based technologies. This 
topology offers greater flexibility 
and ease in macrocell design, 
placement and routing. 


| Interface capability: I/Os 
compatible with ECL (10 KH or 
100 K), TTL, CMOS, ETL (mixed 
ECL and TTL), and ETC (mixed 
ECL, TTL and CMOS). 


The extensive experience and 
support provided by Raytheon 
mean easy, error-free, and cost- 
effective ECL design for you. 


Raytheon Company 
Semiconductor Division 

350 Ellis Street 

Mountain View, CA 94039-7016 
(415) 966-7611 
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The EL2037 provides the control 
and a minimum of 25-mA output 
drive, but it doesn’t provide the ac- 
tual motor drive. For this, you need 
two pairs of complementary bipolar 
transistors and four catch diodes. 
For a drive current of 1A, the 
MJE200 and MJE210 or the 
D44H11 and D45H11 are good 
choices. These devices are available 
from Motorola, SGS-Thomson, and 
others. The EL2037, which comes 
in a 20-pin DIP and a 20-pin SOIC 
package, costs $5 and $6.50 (100), 
respectively. 

Rather than use discrete drivers 
(particularly where space is lim- 
ited), many designers turn to mono- 
lithic power op amps to drive voice- 
coil motors. One example of a dual 
circuit is the SG3272 from Silicon 
General, which costs $2.15 (1000). 
In the application example in Fig 
2, the SG3272 drives a voice-coil 
motor (linear actuator) in a 3%-in. 


Winchester disk drive. 

The SG8272, which contains in- 
ternal flyback diodes for use with 
inductive loads, has a maximum 
current rating of +1A and a full 
output swing at +500 mA. The dual 
op amp features thermal-shutdown 
protection and operates from a sin- 
gle supply of 4.5 to 18.2V or from 
a split supply. Other features in- 
clude a power bandwidth of 200 kHz 
and an open-loop voltage gain of 90 
dB. The SG8272 comes in an 8-pin 
DIP and a 20-pin SOIC package. 

In addition to power op amps, 
Silicon General offers PWM control- 
lers and other drivers for motor- 
control applications. Its SG3731, for 
example, is a PWM control circuit 
that operates from a +3.5 to +15V 
control supply and a +2.5 to +22V 
driver supply. The chip includes 
dual, 100-mA, sink and source out- 
put drivers. It features a 5- to 350- 
kHz oscillator range and adjustable 


deadband operation. The SG3731 is 
used in motor-driven servo systems 
to control precision positioning and 
speed. The device comes in a 16-pin 
ceramic DIP and costs $4.45 (1000). 

Another choice for servo control 
and drive is Cherry Semiconduc- 
tor’s Genesis 97100 semicustom ar- 
ray. The 97100 combines dedicated 
servo-driver circuitry with uncom- 
mitted array components. Included 
in the bipolar array are two power 
op amps, each capable of providing 
1A max to the head-positioning ac-. 
tuator. It’s also possible to config- 
ure the op amps to drive an external 
H-bridge for applications that re- 
quire more than 1A of drive cur- 
rent. 

The 97100 also includes a 2.5V 
(5.5V option) voltage reference 
with a trimmed accuracy of +0.5%. 
It has a group of precision-resistor 
voltage dividers that you can use 
to set the undervoltage-detect trip 


The differences between bipolar and unipolar drive 
Bipolar drive (a) is used in motors with only one 
winding per phase. In these motors, the drive cir- 
cuitry reverses the current in the windings, which 


reverses the stator flux. Bipolar-wound motors 
make maximum use of the windings, but they re- 


quire a push-pull drive that uses four transistors for 
| each winding. Bipolar drive warrants extra care in © 
circuit design, to ensure that the series transistors 
| dont conduct at the same time and short the owe 
sippy. 
| po ae mote (b) have two coils per 
winding. The drive circuitry energizes one coil or 
the other to reverse the stator flux. Because it re- 
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drive is not only sicglor: but also eliminates the 
critical-timing problem sometimes encountered in 

- bipolar drive. Because of the extra coils, however, 

_ the wire diameter for a unipolar motor must be 
smaller than that used in a bipolar motor (for the 
same number of turns). Because the smaller wire 
increases the winding resistance, a unipolar motor 

30% less oe at low step rates than a 


UNIPOLAR DRIVE 


Bipolar drive (a) requires four transistors to drive each wind- 
ing of a 2-phase motor. Unipolar drive (b) uses a center-tapped 
(2- coil) unand that requires only two transistors per winding. 


has about . 
"Dipolar Se 


64 : EDN September 14, 1989 


Find it fast with our 
cache tag 
When you think cache tag 

SRAMs, you think speed — the 
kind of speed IDT offers. At 12ns 
address-to-match, the IDT6178 
is the fastest 4K x 4 tag RAM 
around. Plug maximum perform- 
ance into your cache system now. 


Design us in 


The IDT6178 has all the features 
you want to design in: a single-pin 
block reset for multitasking envi- 
ronments, a totem-pole match 
output for easy high-speed expan- 
sion, 4K depth to support large 
caches, industry-standard pinouts, 
and an on-board comparator to 
simplify cache controller designs. 


Available now 
We have the fastest cache tag 
RAMs available now. And we have 
packaged the IDT6178 in 22-pin 
plastic and hermetic DIPs and 24- 
pin SOJs to meet your various 
design needs. 


We also supply the industry's 


largest cache tag RAM, the IDT7174, 


organized 8K X 8 with all the fea- 
tures of the 4K x 4 but with the 
depth to support even the largest 
caches. 
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See for yourself 


IDT is offering free samples of 
our cache tag RAMs now. So don’t 
get left behind —just fill out the 
coupon and send it in today by 
FAX or mail to try our cache tags 


for yourself. Or call our Marketing 


Hotline at (800) 544-SRAM for 
more information. 


You can count on us 


IDT offers a full range of high- 
performance building blocks. Ask 
for a copy of our 1989 Data Book 
Supplement with details about our 
RISC processors, SRAMs, multi- 
port and FIFO memories, standard 
and complex logic, and RISC sub- 
systems and modules. 


PLEASE COMPLETE AND FAX, OR DETACH AND PLACE IN AN ENVELOPE WITH YOUR BUSINESS CARD TO MAIL 


This is what I’ve been waiting for! I want to try IDT’s cache tags for myself. 


(J My application requires: [] 20ns 


and IDT7174 cache tag RAMs. 


Name 

Title 

Company 
Address 
City/State 

Phone (|____ 
Application 


IDT, SRAM Division 
1566 Moffett Street 
Salinas, CA 93905 
FAX: 408-758-4056 
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| Please send me four free samples of your cache tags. 
LJ 15ns 


| Idon’t need samples now, but please send me technical data on the IDT6178 


_] Ineed IDT's cache tag RAMs today! Please have a salesperson call me. 


(J 12ns cache tags 


eer - 27 
Integrated 
Device Technology 4 
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points for both 5 and 12V supplies. 
In addition, undedicated compo- 
nents allow a maximum of 100 mA 
for retraction of the head using the 
back EMF of the motor. For design- 
ers that need a unique answer to 
their motor-drive problem, the 
97100 semicustom approach is 
worth considering. NRE charges 
range from $5000 to $10,000, and 
unit prices from $4 to $5, depending 
on customer requirements. 

The CY545 from Cybernetic Mi- 
cro Systems is a different kind of 
chip that provides complete system 
control. The 40-pin CMOS device, 
which doesn’t include power driv- 
ers, operates from a 5V supply and 
combines high-performance step- 
per-motor control with a variety of 
system interfaces. The CY545 can 
generate step rates to 27,000 steps/ 
sec using pulse and direction sig- 
nals, which provide adaptability to 
full-step, half-step, quad-step, or 
microstep applications. The chip’s 
internal step register can count up 
to 16 million steps/motion. The de- 
vice features both parallel and se- 
rial interfaces, as well as interfaces 
to an LCD and an LED display. 
The CY545 also provides support 
signals for writing and reading local 
external memory, and it costs $25 
(1000). 

Stepper motors and voice-coil mo- 
tors dominate position-control ap- 
plications, but brushless de motors 
dominate speed-control applica- 
tions, particularly in disk drives 
where you must use the smallest 
possible spindle motor because of 
space restrictions. With few excep- 
tions, brushless de motors use Hall- 
effect sensors for commutating the 
speed of the motor. Although 3- 
phase motors are almost exclusively 
used in high-performance applica- 
tions such as disk drives, single- 
phase motors dominate low-cost ap- 
plications, such as motors with 
small fans. 

For these low-cost applications, 
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UDN-2936W 


3 HALL-EFFECT 
SENSORS 


Fig 3}—Combining logic and power, the UDN-2936 from Sprague Semiconductor provides 
commutation and drive for a 3-phase, brushless de motor. 


Sprague Semiconductor offers the 
UDN3625 and UDN3626 Power 
Hall sensor/driver ICs. These de- 
vices provide complete control of 
single-phase, unipolar, brushless de 
motors. The unique feature of these 
devices is the on-chip inclusion of a 
high-sensitivity Hall-effect sensor, 
which eliminates the need for an ex- 
ternal sensor. 

In addition to the Hall sensor, the 
monolithic ICs contain the control 
and commutating logic, a voltage 
regulator, two high-current npn 
outputs, and protection functions. 
These functions include thermal 
shutdown, output overcurrent lim- 
iting, and output transient-protec- 
tion/flyback diodes. The UDN3625 
is rated at 14V/1.0A for use with 
12V motors. The UDN3626 is rated 
at 26V/0.45A for use with 24V mo- 
tors. The devices are available in 
an 8-pin DIP for $1.01 (1000), and 


in a 14-pin SOIC package. 

The single-phase controller from 
Sprague with the built-in Hall sen- 
sor may be labeled unique, but this 
isn’t the case with 3-phase circuits. 
Although differences exist in per- 
formance and features, most 3- 
phase circuits are similar in that 
they use external Hall cells for com- 
mutation. Three-phase controller/ 
drivers are available from a host of 
manufacturers, including Sprague, 
Motorola, Unitrode, Silecon Sys- 
tems, Philips, and Ericsson. : 

The UDN-2936 from Sprague is 
a good example of a basic 3-phase 
driver. Combining logic and power, 
the UDN-29386 (Fig 3) provides 
commutation and drive for a 3- 
phase brushless de motor. Each of 
the device’s three push-pull outputs 
are rated at 45V and +3A, and each 
has internal ground-clamp and 
flyback diodes. The IC features in- 
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Sprague surface mount networks solve time and space problems. 


Sprague surface mount resistor, 
capacitor and R-C networks meet 
your design and delivery SMD re- 
quirements. Series 800C 
SORN® Small Outline Resistor 
Networks reduce board space up 
to 75% and assure lower place- 
ment costs, improved reliability, 
and top performance. Type 806C 
CAPSTRATE® Small Outline 
Capacitor Networks feature 
Sprague Multilythics® technology 
EDN September 14, 1989 


for integrating passive components 
in monolithic ceramic circuit 
structures. 

All Sprague networks are 
manufactured under computerized 
SPC control. Packaged in industry 
standard, small-outline, gull-wing 
molded cases and supplied in anti- 
static plastic tubes or on embossed 
conductive tape and reel. Sprague 
also offers a comprehensive 


custom network capability at com- 
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petitive prices. For our new Thick- 
Film Products Catalog RN-126B, 
write to Technical Literature Serv- 
ice, Sprague Electric Company, 
P.O. Box 9102, Mansfield, MA 
02048-9102. For applications 
assistance, call our Thick-Film 
Products Hot Line in Nashua, NH 
at (603) 883-9774. 
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ternal commutation logic, PWM 
current control, and thermal shut- 
down protection. 

The UDN-2936 is compatible 
with single-ended digital or linear 
Hall-effect sensors. A companion 
device, the UDN-2937, is compat- 
ible with linear differential sensors. 
The commutating logic is_ pro- 
grammed for either 60° or 120° elec- 
trical separation. Both the UDN- 
2936 and the UDN-2937 cost $3.45 
(1000) and come in a 12-pin SIP with 
a metal tab for heat sinking. 


3-chip set fits high-power motors 


Although many controller ICs 
provide sufficient output drive to 
power motors directly, some pro- 
vide only the control circuitry. In 
such cases, you have to use external 
bipolar or MOSFET transistors. 
Many controller circuits also re- 
quire external circuitry for speed 
control—apart from the normal 
commutation itself. A 3-chip set 
from Motorola Semiconductor is ca- 
pable of driving high-power motors 
and satisfies all of these require- 
ments. This 3-chip set (Fig 4) com- 
prises the MC383035 brushless de 
motor controller, the MC33039 
closed-loop brushless motor 
adapter, and the MPM3008 3-phase 
bridge circuit. 

The MC83085 is a second-genera- 
tion controller that contains all of 
the active functions needed to im- 
plement an open-loop, 3- or 4-phase 
motor-control system. The 
MC33035 is pin-compatible with its 
MC33034 predecessor and offers ad- 
ditional features at a lower price of 
$2.88 (1000). Both devices include 
a rotor-position decoder for commu- 
tation sequencing; a frequency-pro- 
grammable sawtooth oscillator; and 
an error amplifier and a PWM com- 
parator, which both interface to the 
MC83039 closed-loop speed-control 
adapter. 

Included in the MC33035 is a tem- 
perature-compensated 6.25V refer- 
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ence, which can supply power to the 
Hall-effect sensors and to the 
MC33039 adapter chip in closed- 
loop applications. The MC33035 also 
contains a control pin that lets you 
select 60/300° or 120/240° sensor 
phasing, and access to both the in- 
verting and noninverting inputs of 
the current-sense comparator. The 
MC33085 is available in either 24- 
pin DIP or 24-pin SOIC packages. 
The MC33039, which comes in an 
8-pin DIP and costs $0.60 (1000), 
provides closed-loop operation for 
the MC33035. The MC330389 con- 
tains an inverter output for conver- 
sion between 60/300° and 120/240° 
sensor phasing, and provides speed 
regulation without the need for a 
magnetic or optical tachometer. 
The chip operates down to 5.5V for 
direct powering from the MC33035. 
The MPM3003 is a complete 3- 
phase bridge consisting of three n- 
channel MOSFETs in the lower legs 
and three p-channel MOSFETs in 
the upper legs. The MPM3003 
comes in Motorola’s ICePAK, an 
isolated 12-pin SIP with an isolation 


rating of 2 kV and a peak-current 
capability of 25A. All six power 
MOSFETs have a Vpg rating of 
60V. The n-channel devices have an 
on-resistance of 0.150, and the p- 
channel devices are rated at 0.282. 
Because the power transistors are 
isolated from the aluminum header, 
mounting the MPM3003 is simple 
and effective. The MPM3003 is ex- 
pensive at $11.26 (1000), but it 
packs a lot of power in a convenient 
package. 

Unitrode, another innovative 
supplier of motion-control circuits, 
offers a pair of devices for 3-phase 
applications. Its UC3625 has three 
push-pull, low-side drivers for driv- 
ing power MOSFETs or Darlington 
transistors, and three 50V open-col- 
lector high-side drivers. The IC op- 
erates from 10 to 18V supplies and 
can control higher-voltage devices 
with external level-shifting compo- 
nents. The UC3625 performs fixed- 
frequency PWM control in either 
voltage or current mode and imple- 
ments closed-loop speed control and 
braking. Its built-in Hall-sensor de- 


Speed Input from Hall Sensors 


Electronic Tach 


Speed Control 


PWM Drive 


Gontrol Center 
MC33035P 


Current Sense — 


atk 


3 Phase Power 


Driver 


MPM3003 


® 


MPM3009 ng 


Fig 4—This 3-chip set provides a complete control system for brushless de motors. Avail- 
able from Motorola, the MC 33035 provides commutation and control circuitry; the MC 33039 
provides closed-loop speed control; and the MPM3003 3-phase MOSFET bridge provides 


as much as 10A of drive current. 
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ZAX Presents The Best Way To 


Develop, Program, Edit, Erase, Compile, 


Assemble, Debug And Compute 
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Along with everything else shown here, we offer emulators for the following processors: 8086/88, 186/188, 80286, 80386, 8085, 8048, V20/30, V40/50, 6301, 64180, 


6809, 68000, 68020, 68030. And yes, more are on the way. 


f you’re dissatisfied with the for- 

midable task of trying to assemble 
a Suitable microprocessor development 
system from different vendors, take heart. 
Now with a simple phone call, you can 
receive complete support for all your 
development equipment needs from one 
supplier—ZAX Corporation! 


WHY DOES SINGLE-VENDOR SUPPORT 
MAKE SENSE? 


When you turn your development needs 
over to ZAX, you’re assured that all 
hardware and software tools were con- 
ceived, designed and tested to work 
together reliably and efficiently. Both 
with your existing system or as a com- 
pletely independent development system. 


That coordination results in a complete 
turnkey development system instead of 
a collection of unmatched components. 
(Surprising as it seems, this modular 
approach to design tools still costs less 
than dedicated systems, yet offers more 
flexibility!) Also, by providing a package 
instead of a puzzle, you end up conserv- 


ing another important resource: Time. One 
phone call. One purchase order. One solid 
commitment. No headaches. 


WHAT TYPE OF HARDWARE 
AND SOFTWARE TOOLS ARE 
WE TALKING ABOUT? 


ZAX offers you a choice of two different 
powerful emulation systems with the ICD- 
and ERX-series emulators. Both can be 
interfaced to a variety of hosts (from PC 
to mainframe) and both offer support for 
a wide variety of processors. There’s also 
our universal! interface chassis, the 300i, 
that’s capable of linking our emulators 

to virtually all host computers and operat- 
ing systems. And speaking of computers, 
ZAX can provide you with a model of its 
own—the BOX-ER. 


ZAX can also furnish an array of useful 
support hardware, such as a line of PLD/ 
EPROM programmers and erasers. Our 
ZP-series high-speed programmers inter- 
face to your PC for a powerful combina- 
tion. And the ZE-series line of EPROM 
erasers include everything from an indus- 
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trial-class, 200-chip model to the world’s 
fastest eraser, the 5-second Quick-E Il. 


Chances are a broad choice of develop- 
ment software is paramount to your abil- 
ity to work in a familiar environment. If 
so, ZAX is still your best source. We offer 
“C,” Pascal, Ada, PL/M and Fortran com- 
pliers, assemblers/loaders, symbolic 
debuggers, source-level debuggers, and 
helpful menu-driven communications pro- 
grams to get you up and running, fast. 


Call ZAX today and get single-vendor 
support working for YOU! Our toll-free 
number is 1-800-421-0982 (800-233- 
9817 in CA). ZAX Corporation. 2572 
White Road, Irvine, California, 92714. 


In Europe, call United Kingdom: 0628 476 741, 
West Germany: 02162-3798-0, France: 
(03) 956-8142, Italy: (02) 688-2141. 


Zax Corporation 
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code logic features protection 
against cross-conduction. Available 
in a 28-pin DIP or a 28-pin PLCC, 
the UC3625 costs $5.85 (100). 

A second device from Unitrode, 
the UC3655, provides low-loss, lin- 
ear 3-phase control. The UC3655 
generates the phase timing for the 
Hall sensors and controls motor cur- 
rent in response to commands based 
on speed, position, and torque. The 
device uses external pnp transistors 
selected for low-saturation voltage 
as high-side drivers. The internal 
low-saturation npn 
serve as low-side drivers. In this 
arrangement, the total sink-and- 
source saturation-voltage drop is 
less than 1V at a1A load current—a 
significant advantage for low-volt- 
age (12V) applications. The UC3655 
comes in either a 15-pin power-tab 
package or a 28-pin PLCC, which 
cost $5.28 and $5.08 (1000), respec- 
tively. 
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In disk-drive applications, precise 
speed control is important—par- 
ticularly in Winchester drives, 
which rotate at 3600 rpm. The SSI- 
32M594 from Silicon Systems regu- 
lates this 3600-rpm speed within an 
error factor of +0.037%, using a 2- 
MHz clock as a reference. The 
monolithic IC controls 4- or 8-pole, 
3-phase spindle motors in 5%-in. and 
3%-in. Winchester drives. Internal 
circuitry directly drives and de- 
codes external Hall sensors. 

The 32M594 uses external Dar- 
lington transistors or power FETs 
to drive either center-tap (unipolar) 
or noncenter-tap (bipolar) wind- 
ings. The device’s linear control 
loop controls the power drivers us- 
ing pulse-amplitude modulation. 
The 32M594 operates from one 12V 
supply and offers a number of fea- 
tures including active braking, 
power-supply fault protection, and 
an on-chip digital filter. Available 


POSITION 
DETECTOR 


PGIN GND2 Vp GND1 


in a 20-pin DIP and a 20-pin SOIC 
package, the controller costs $7 
(1000). 

As previously mentioned, most 3- 
phase controller/drivers for brush- 
less de motors use external Hall 
cells for commutation. One excep- 
tion to this commonly-used method 
is the TDA5140 from Philips Com- 
ponents, which uses the EMF in the 
motor coils for commutation. The 
IC works with star- or delta-wound 
motors and generates an output- 
drive current of 600 mA from an 
unregulated supply between 4 and 
18V. The TDA5140 suits applica- 
tions requiring very accurate speed 
control—including the scanner 
drives of videocassette recorders 
(VCRs) and camcorders, and the 
drive electronics of floppy and hard 
disks. 

The TDA5140 (Fig 5) provides 
full-wave drive of a 3-phase motor 
using three push-pull output stages. 


PUSH/PULL 
FLYBACK 


Fig 5—This sophisticated controller/driver works with either star- or delta-wound motors. Manufactured by Philips and Signetics, the 
TDA5140 drives 3-phase, brushless dc motors using the EMF from the motor’s coils to provide commutation. 
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TEN YEAR 


OLDS 


Everything from PCs to CDs. 

What started as a microprocessor designed 
to replace minicomputers ten years ago has 
become a veritable institution—the power 
behind virtually every product category in the 
electronics industry. 

Simply put, Motorola’s high performance 
68000 family is the most successful micro- 
processor architecture in history. There are over 
25 million 68000-based products working 
today. And new ones coming on line at the rate 
of 10 million a year. 

Everything from laser printers, chess games, 
professional musicians keyboards and CD 
players to desktop computers, workstations and 


INIO 
EVERYTHING. 


supercomputers. Io say nothing of the next 
generation of GM cars. 

And it's no wonder. Because each member 
of the 68000 family, from the low end (less than 
$5 per chip, in volume) to the high end, is 
compatible with all the others. And they can 
run the more than $4 billion worth of 32-bit 
68000-based software that's currently on 
the market. 

So celebrate this tenth anniversary of the 
68000 by calling 1-800-441-2447 or the Motorola 
Semiconductor office nearest you. 

We'll tell you everything you Winner 1 fea 
need to know about the ten fats 
year old that's into everything. 


Pq 


(AA) MOTOROLA 


©1989, Motorola Inc. 
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In each of the six possible states, 
two outputs are active; one sources 
current and the other sinks current. 
The third output presents a high 
impedance to the motor. This high 
impedance enables measurement of 
the motor EMF in the correspond- 
ing motor coil by means of a com- 
parator located at each output. The 
commutation logic is responsible for 
the control of the output transistors 
and the selection of the correct 
EMF comparator. 

The zero-crossing in the motor 
EMF is used to determine the cor- 
rect moment for the next commuta- 
tion, that is, the change to the next 
output state. The delay, which de- 
pends on the motor loading, is cal- 
culated by the adaptive commuta- 
tion delay block. The TDA5140 can 
also use the zero-crossings to pro- 
vide speed information such as the 
tachometer FG (frequency genera- 
tor) signal. A VCR scanner also re- 
quires a PG (position generator) 
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Fig 6—Designed for use in applications such as the front-loading mechanisms in VCRs, 
the MB3763 from Fujistu Microelectronics can provide 300 mA of drive current to a bidirec- 


tional motor. 


phase signal. The circuit has an in- 
terface for a simple pickup coil. A 
multiplexer circuit combines the FG 
and PG signals. This digital signal, 
F'G/PG, is available as an open-col- 
lector output. 

Because of inductive loading, the 


1 2 6 


CHARGE 
PUMP 


OUTPUT 1 Vs OUTPUT 2 


output stages of the TDA5140 con- 
tain flyback diodes. The output 
stages are also protected by a cur- 
rent-limiting circuit and by thermal 
protection of the six output transis- 
tors. An uncommitted op amp gen- 
erates a 40-mA output current and 
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Fig 7—The result of a joint smart-power development effort, the IR8200 from International Rectifer and the LMD18200 from National 
Semiconductor are identical devices. Using a combination of CMOS, bipolar, and DMOS technology, the devices operate at supply voltages 
to 55V and deliver as much as 3A of continuous current. 
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Introducing the PEAK"Architecture. 

The architecture of the 1990s. And the first 
technology to let you exploit the full potential of 
ISA microcomputers. 

The PEAK/386 CHIPSet supports 20, 25, 33 
and tomorrow’s anticipated 40 MHz clock speeds. 
With the added performance of the industry's 
only integrated 128K byte cache. 

What were delivering here is raw, unadulterated 
computing power. With the highest level of inte- 
gration ever achieved in a 386 chip set. 

CPU, cache and DRAM control are integrated 
onto one VLSI chip. Bus and peripheral control 
functions are integrated on two other VLSI devices. 

These three chips integrate virtually all of the 


x 40 MHz 
o® 


89 90 9} 92 


motherboard system logic. Making it the most 
cost-effective solution on the market. 

The PEAK/386 CHIPSet also tightly couples 
with our new 82C480 Graphics Controller which 
is 100% functionally compatible with the IBM’* 
8514/A Display Adapter. So your system can take 
full advantage of the new graphical interfaces like 
Presentation Manager and Windows’ software. 

Find out more about the PEAK/386 CHIPSet. 
Call 1-800-323-4477, Dept. M-9 today. 

We promise you itll be a real scream. 


The CHIPSet is the system. 


© 1989. Chips and Technologies. Inc.. 3050 Zanker Road. San Jose. CA 95134. IBM is a registered trademark of International Business Machines Corporation. Windows is a trademark of Microsoft Corporation 
CHIPS is a registered trademark and PEAK is a trademark of Chips and Technologies. Inc 
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can directly drive an _ external 
power transistor for speed-control 
circuits, or for level shifting in an 
SMPS (switch-mode power supply) 
drive. The TDA5140 is available in 
an 18-pin DIP with an internal heat 
spreader or in a 20-pin SOIC pack- 
age with reduced power perform- 
ance. Large-volume unit pricing is 
less than gld 4, although exact 
prices depend on the importing 
country. Residents of the US are 
advised to check with Signetics for 
pricing and availability. 

Not all motor-control circuits in- 
clude on-chip drivers. Fear not, 
however; you have a multitude of 
driver ICs from which to choose. 
Many of the controller suppliers al- 
ready mentioned offer drivers in 
various configurations and in a 


range of current and voltage rat- 
ings. Typifying this variety and 
range are devices from suppliers 
not yet mentioned. For example, 
Fujitsu manufactures a simple low- 
current driver, and Texas Instru- 
ments offers more complex, high- 
current devices; National Semicon- 
ductor and International Rectifier 
offer a dual-sourced device. 

The MB-3768 bidirectional motor 
driver from Fujitsu is used in such 
applications as the front-loading 
mechanism in videotape machines, 
or in autoreverse tape decks. 
Driven by a TTL signal, the MB- 
3763 (Fig 6) operates from a supply 
voltage of 4 to 18V and provides 
300 mA of motor drive current 
when packaged in the available 8- 
pin SIP. In the 8-pin DIP and 8-pin 


For more information... 


For more information on the motor-control ICs discussed in this article, circle the appropriate numbers on the 
- Information Retrieval Service card or use EDN’s Express Request service. When you contact any of the core! 
manufacturers directly, please let them know you saw their products in EDN. 


Cherry Semiconductor Corp 
2000 S County Trail — 

East Greenwich, RI 02818 
(401) 885-3600 

Circle No 737 


Cybernetic Micro Systems 
Box 3000 

San Gregorio, CA 94074 
(415) 726-3000 

Circle No 738 


Fujitsu Microelectronics Inc 
Integrated Circuits Div 

3545 N First Street 

San Jose, CA 95134 

(408) 922-9000 

Circle No 741 


International Rectifier 
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Box 218, 5600MD Eindhoven 


SGS-Thomson Microelectronics © 


Garden Grove, CA 92641 


SOIC alternative packages, the de- 
vice is rated at 150 mA. The MB- 
3763, which contains built-in surge- 
protection diodes, features a 
standby capability when the input 
is off and a brake capability is in 
the stop mode. Prices start at $0.74 
(10,000). 

Texas Instruments’ L298 and 
TLP298 are direct and improved re- 
placements, respectively, for the 
L298 originated by SGS-Thomson. 
Operating from a 5 to 46V supply, 
these devices are dual H-bridge 
drivers (four half-H drivers) with a 
2A output capability per driver. 
The improved TLP298 has a lower 
output-supply current than does the 
L298 (25 mA vs 38 mA with all out- 
puts high, and 6 mA vs 13 mA with 
all outputs low). The TLP298 also 
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There is only one way to design a system 
with more speed and power than a PEAK/386 
based system. 

Introducing the PEAK/486 CH]PSet. The first 
and only chip set that takes full advantage of 
the new 486 microprocessor. Which means you 
can design a system that literally wails through 
DOS and unleashes the full power of UNIX? 
Right now. Setting the performance standard for 
PC workstations. 

The PEAK/486 and PEAK/386 CHIPSets are 
based on the same architecture. 

And like all our CHIPSets, they come with 
the most comprehensive technical support in 
the industry. 


ic 


89 90 9] 92 


Our Design Services Organization will help 
you with everything from technical consultation 
to the design of a turnkey microcomputer system. 

And our Integrated Software organization 
will ensure system compatibility by providing 
BIOS and system software drivers specifically 
for your PEAK"system. 

To find out more, call 1-800-323-4477, Dept. 
M-10 today. 

And design a system that will take you through 
the top of the charts. Period. 


The CHIPSet is the system. 


© 1989, Chips and Technologies, Inc., 3050 Zanker Road, San Jose, CA 95134. UNIX is a registered trademark of AT&T. CHIPS is a registered trademark and PEAK is a trademark of Chips and Technologies, Inc. 
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From embedded controllers to distributed 
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The Cost Effective 
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TECHNOLOGY UPDATE 


Motor-control/driver ICs 


switches faster than the L298. 
Available in a 15-pin power-tab 
package, the L298 and TLP298 cost 
$4.49 (1000). 

Capable of driving motors rated 
as high as ‘4 hp, the LMD18200 
from National Semiconductor and 
the identical IR8200 from Interna- 
tional Rectifier are the first devices 
to emerge from a 5-year develop- 
ment agreement announced in late 
1986. Aimed at the smart-power 
market, you can use these 55V/3A- 
rated H-bridge devices for driving 
motors in plotters, disk drives, 
printers, robotics and process-con- 
trol equipment. 

The IR8200/LMD18200 (Fig 7) 
combines CMOS and bipolar control 
circuitry with DMOS FET power 
devices. The device contains four 
DMOS switching transistors (with 
intrinsic feedback diodes) connected 
as an H-bridge. Also included are 
level shifting and drive circuits that 
interface between the _ output 
switches and the ground-level Di- 
rection, Brake, and PWM logic in- 
put signals that determine the on 
and off states of the output 
switches. The device also features 
a current-sensing circuit that pro- 
vides an output that is proportional 
to the current. 

Protective functions include a cir- 
cuit that turns off the DMOS de- 
vices in the event of overcurrent 
or undervoltage conditions; a tem- 
perature-sensing circuit that pro- 
vides an output warning when the 
maximum-rated temperature is ap- 
proached; and an overtemperature 
shutdown circuit that operates at a 
set temperature margin above the 
warning level. 

The  IR8200/LMD18200  H- 
bridges, which operate from supply 
voltages of 12 to 55V, have output- 
current ratings of 3A (continuous) 
and 6A (peak). The on-resistance of 
each MOSFET in the bridge is typi- 
eally 0.380. Turn-on and turn-off 


switching times are typically 100 
nsec. Packaged in an 11-pin power 
SIP, the devices have a power-dissi- 
pation rating of 25W at a case tem- 
perature of 75°C. The IR8200 costs 
$8.75 and the LMD18200 costs 
$8.26 (100). 

As you can see from this survey 
of motor controllers and drivers, it’s 
very likely that you'll find a device 
to suit your requirements. Bipolar 
drive, unipolar drive, 1- and 3- 
phase brushless motor drive, low- 
current drivers, high-current driv- 
ers, stand-alone drivers, and con- 
trollers with or without built-in 
drivers are all available from an 
ever-increasing number of suppli- 
ers. EDN 
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WHAT’S COMING 
IN EDN 


EDN’s September 28 issue will 
feature a staff-written Special Re- 
port on 8- and 16-bit microcontrol- 
lers, which will identify trends in 
device design and cover a variety 
of situations that are affecting this 
competitive product area. Other ar- 
ticles in this issue will include 

@ The next installment of Bob 

Pease’s troubleshooting ana- 
log-circuit series 

@e Thermostats in 

packages. 

Next month, look for stories on 
liquid crystal displays and graphical 
software interfaces. Also watch for 
EDN’s DSP-chip directory. 

You won’t want to miss these is- 
sues. 
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Marshall Boasts 
A kine Lineage. 


10 Bit A/D 
12 Channel LinCMOS Technology 


TLC7524 (AD7524) 
1987 
ist D/A Converter 
Introduction of Advanced LinCMOS Technology 


Ist 8-bit D/A Dual Channel 
Advanced LinCMOS Technology 


TLC10 (MF10) 
1988 
Ist Dual-switched Capacitor With Filter 
Advanced LinCMOS Technology 


TLC32044 
1989 
Ist 14 Bit A/D, D/A And Filter On Same Chip 
Advanced LinCMOS Technology* 


At Marshall, we have a history of making history in are mainframes and modems or terminals and test equip- 
linear technology. Like supporting each new generation ment, Marshall stocks the TI Linear and Advanced Linear 


from Texas Instruments. Now our line includes TT's parts you need. 
family of Advanced Linear components. With higher After all, we’ve been doing it for generations. 


performance, higher levels of integration and merging of 
analog and digital signals. So whether your applications Marshall 


* For a free sample and information kit of TI’s latest family member call (818) 459-5594, while supplies last. 


(‘Authorized Locations) 
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TEXAS CA Irvine (714) 458-5301* Orlando (407) 767-8585" MD Maryland (301) 622-1118" Long Island (516) 273-2424" TX Austin (512) 837-1991" WI. Wisconsin (414) 797-8400° 
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Theres no end 


to our line 


of innovative ICs 
for mass storage. 


Chips For Every Disk Drive Function 


As the leading technological partner with disk 
drive designers since the beginning—Silicon 
systems offers the industry the most extensive 
line of innovative IC solutions for disk drive 
electronics. Whether it’s standard or custom 
ICs—you can rely on Silicon Systems to help 
enhance the performance of your new disk 
drive products while reducing board space, 
power dissipation, and cost. 

Our cornucopia of standard product ICs 
includes the industry’s most highly integrated 
and comprehensive families of read/write, 
pulse detection, data separation, head posi- 
tioning, motor speed control, and controller 
devices. These families of standard chips offer 
a powerful mix-and-match approach and 
include a variety of companion chip-set solu- 
tions. Our chip sets significantly reduce inter- 
connect, external passives, and design time. 

If your design requires a custom solution, 
then Silicon Systems supports you with a full 


range of custom and semicustom capabilities 
and a spectrum of Bipolar and CMOS process 
technologies. We can put the art of mixed sig- 
nal analog and digital to work for you. And, 
whether you require a totally unique custom 
chip or use existing standard product blocks, 
we can build the right device for you. 


Call Now! 
(714) 731-7110, Ext. 3575 


For more information on our Disk Drive IC 
Product Families or our custom capabilities, 
contact Silicon Systems, your local representa- 
tive, or local distributor today. 

Silicon Systems, Inc., 

14351 Myford Road, Tustin, CA 92680. 

Phone: (714) 731-710, Ext. 3575. 

European Hdq. U.K. Ph: (44) 7983-2331. 
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At HP, we've got all the fiber-optic 
components you need. And all ata 
price that’s good for your health. 


Our HBFR-0400 family of 820 nm 
fiber-optic transmitters and 
receivers provides cost-effective 
fiber-optic links of up to 4Km. 
With no assembly time. 


The 125 MHz analog receiver is 
designed for high-speed data links, 
providing data rates of up to 
150MBad. And its wide dynamic 
range is compatible with the IEEE 
802.3 FOIRL standard. 


The transmitters are specified 
with four types of fiber and are 


80 


High in fiber. 


designed for high-speed trans- 
mission, such as with TAXIchip 
links. 


Both the transmitter and receiver 
are compatible with popular ST and 
SMA connectors. 


HP’s HFBR-0501 Versatile Link 
family includes a complete line of 
665 nm fiber-optic transmitters, 
receivers, connectors and cable. 
All designed to provide you witha 
low-cost solution. 


Our wide range of plastic cable and 
connector options includes simplex, 
duplex, latching and non-latching. 
Which offers you a cost-effective 
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alternative to copper wire while it 
provides design flexibility. 


Best of all, they’re from HP. So 
you're always assured of HP’s com- 
mitment to excellence in service, 
support and reliability. 


For a free information package 
describing our full line of fiber- 
optic solutions, call 1-800-752-0900, 
ext. Z19R. It’s the best way to get 
your fiber. 


There is a better way. 


G 


HEWLETT 
PACKARD 
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The availability of 
VLSI FDDI ICs 
from several com- 
panies, and the 
standardization of 
components such 
as optical data 
links, will soon 
lead to reasonably 
priced FDDI im- 
plementations 
and, consequently, 
widespread use of 
the 100M-bps 
network. 


Maury Wright, 
Regional Editor 
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FDDI ICs AND COMPONENTS 


Reduced costs key 


FDDI’s acceptance 


he FDDI (Fiber Distributed 
*Data Interface) standard of- 
fers the performance poten- 
tial to serve the network 
needs of systems ranging 


from PCs to mainframes. The LAN’s 


key features include a 100M-bps data 
rate and fault-tolerance features not 
previously found in networks. The cost 
of implementing FDDI, however, has 
limited its viability, even in mainframe 
applications, until now. Over the next 
six months, emerging standard multi- 
sourced FDDI components and new 
VLSI ICs promise to make the fiber- 
optic-based network economically feasi- 
ble in many applications. 

FDDI networks potentially offer 
more than an order-of-magnitude in- 
crease in network bandwidth compared 
to Ethernet, the prevailing de facto 
standard. Ethernet networks transfer 
data at a maximum rate of 10M bps. In 
addition, the collision-detection scheme 
used by Ethernet results in serious 
bandwidth degradation as the number 
of nodes on a network increases. 


Other key features of the FDDI stan- 
dard include: 

@ 2-km maximum cable length 
between nodes (Ethernet’s 
maximum length is 500m) 

@ 100-km maximum circumfer- 
ence of the physical ring (Eth- 
ernet’s is 2.5 km) 

@ 500 nodes maximum 

e fault-tolerant ability to self- 
heal after cable breaks or 
node malfunctions. (For more 
information on the FDDI 
standards, see box, “The 
FDDI specification.’’) 

The FDDI standards define a token- 
ring network topology that ensures a 
100M-bps data rate on transfers. Only 
overhead due to network transport pro- 
tocols currently stops FDDI implemen- 
tations from reaching the performance 
potential the standard offers. 

Implementing an FDDI network also 
has more subtle positive and negative 
ramifications compared with other popu- 
lar networks. The _ fiber-optic-based 


Text continued on pg 84 
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An evaluation and software-development tool, the Fastcard IBM PC/AT-compatible FDDI board from 
AMD costs $6000 and employs the company’s Supernet FDDI chip set. 


81 


82 


TECHNOLOGY UPDATE 


FDDI ICs and components 


The FDDI specification 


The fiber-optic-based LAN stan- 
dard called FDDI supports a 
100M-bps data rate and can con- 
nect as many as 500 nodes. Under 
development by ANSI subcom- 
mittee X3T9.5, the new network 
employs a token-ring topology 
and includes a number of fault- 
tolerant operational features not 
found in other networks. The 
ANSI committee has finalized the 
portions of the spec that define 
physical data transfers but is still 
working on a station-manage- 
ment standard. 

FDDI is defined by four sepa- 
rate standard documents—the 
PMD (Physical Media Depend- 
ent) standard, the PHY (Physical 
Protocol) standard, the MAC 
(Media Access Control) standard, 
and the SMT (Station Manage- 
ment) standard. 

The PMD specification defines 
the FDDI optical cable, transmit- 
ters, receivers, and connectors. 
The PHY standard specifies the 


clock rate, the data-encoding 
scheme, and an elasticity buffer 
that maintains network synchro- 
nization. Allocation of network 
bandwidth and the time-token 
protocol are defined by the MAC 
standard. The PMD, PHY, and 
MAC standards fit the seven- 
layer ISO (International Stan- 
dards Organization) OSI model. 
The PHY and PMD combine to 
form Layer 1—the Physical 
Layer. The Data Link Layer 
(Layer 2) can be served by a Link 
Layer Control sublayer combined 
on top of the FDDI MAC stan- 
dard. 

The SMT standard introduces 
a new concept not found in the 
OSI model. Capabilities defined 
by the SMT standard include co- 
ordination of PMD, PHY, and 
MAC activity within a node, net- 
work bandwidth allocation, fault- 
isolation methods, and manage- 
ment of neighboring physical 
links in the network. To illus- 


CLASS A 
NODE 


Fig A—A counter-rotating dual-ring topology allows flexibility in implementing 
FDDI networks for systems ranging from personal computers to mainframes. 


trate, envision SMT functions as 
adjacent to the OSI Physical and 
Data Link Layers and outside the 
actual OSI model. The FDDI 
committee has not completed the 
SMT standard. 

The combination of the four 
FDDI standards results in a net- 
work based on a 125-MHz clock 
and 4B/5B group-encoding 
scheme that yields the 100M-bps 
data rate. The token-ring net- 
work can connect as many as 500 
nodes with 2-km maximum cable 
length between nodes, and a 
maximum-ring circumference of 
100 km. Like other networks, 
FDDI networks transfer data in 
packets. FDDI packets can range 
in size from 128 to 4500 bytes. 

FDDI employs a counter-rotat- 
ing dual-ring topology (Fig A). 
An FDDI network can include 
Class A nodes that attach to both 
rings, Class B nodes that attach 
to a single ring, and concentra- 
tors that connect Class B nodes 


_ to Class A nodes in a fault-toler- 


ant manner. 

The FDDI concept provides 
high performance and three lev- 
els of fault tolerance. Consider 
the scenario depicted in Fig B. 
The dual-ring network provides 
a recovery mechanism for cable 
breaks. Class A nodes perform an 
operation called a “wrap” to self- 
heal the ring. A wrap can also 
heal the ring in the case of failure 
or power down in a single node. 
Likewise, a concentrator can by- 
pass Class B nodes in the case of 
cable breaks or even power down 
of a node. The concentrator can 
provide a convenient way to con- 
nect personal computers or work- 
stations (that are often powered 
up or down) to an FDDI network 
of larger computers. The FDDI 
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standards also define an optical 
bypass to help ensure fault toler- 
ance. A node that includes the op- 
tical-bypass feature simply 
passes the fiber-optic signal along 
when the node is inactive. 

FDDI’s 100M-bps data rate 
supports the performance needs 
of most LAN applications. The 
FDDI standards do not, how- 
ever, prevent you from using 
both rings to double network 
bandwidth when no faults exist 
on the network. Class A nodes 
ean include the capability of com- 
municating on both rings simulta- 
neously. The second ring can also 
be used to monitor network op- 
erations or perform diagnostics. 

Although FDDI standards 
leave many decisions to the im- 
plementor, all FDDI networks 
employ the same token-passing 
communication scheme. That is, 
a logical token passes around the 
physical FDDI ring. Each node 
can only use the network to 
transfer data when it holds the 
token. A FDDI network goes 
through a “claim” process at start 
up. During the claim process each 
node “bids” via “claim frames” on 
network parameters such as the 
THT (Token Holding Time)—the 
amount of time any node can hold 
the token—and the TRT (Token 
Rotation Time)—the time re- 
quired for a token to pass com- 
pletely around the ring. The low- 
est bidder establishes the net- 
work parameters during the 
claim process. 

During normal operations, 
each node is guaranteed that the 
time between token accesses will 
be less than 2x TRT. A delay of 
greater than 2 x TRT causes the 
network to restart the claim proc- 
ess. A broken cable or other fault 
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Fig B—Concentrators and wrap capability defined in the standard allow FDDI 


networks to heal themselves after cable breaks or node malfunctions. 


will cause the claim to fail. Upon 
claim failure, the network per- 
forms a “beacon” process, result- 
ing in wraps at the proper nodes. 
The network then re-enters the 
claim and completes the healing 
process. 

The FDDI standards define 
both synchronous and asynchro- 
nous types of transfers. The total 
network bandwidth is divided 
among the nodes and therefore 
each node is guaranteed a certain 
amount of synchronous band- 
width. If a node doesn’t need its 
full THT allotment, it can release 
a token early. System managers 
must ensure that applications re- 
quiring regular service use syn- 
chronous transmission service. 
For example, communications in 
real-time systems can use syn- 
chronous service. Potentially, 
synchronous transmissions can 
also carry voice messages using 
the guaranteed bandwidth. 

Because of the limited synchro- 
nous bandwidth, however, a sys- 
tem implementation typically has 


to limit the amount of applica- 
tions that use the synchronous 
service. Nodes can perform asyn- 
chronous transmissions in the ex- 
cess bandwidth created when 
other nodes don’t use all of the 
alloted synchronous bandwidth— 
the excess bandwidth created 
when nodes release the token 
early. In fact, typical implemen- 
tations will result in a high per- 
centage of network usage being 
asynchronous. 

The standards also permit im- 
plementations whereby a defined 
group of nodes instigates a mode 
of operation that restricts the use 
of the token to specific nodes. The 
restricted operations allow high- 
priority applications, for example 
emergency shut-down proce- 
dures, to have essentially private 
use of the network. 

You can obtain individual cop- 
ies of the FDDI specifications 
(and all ANSI specifications) from 
Global Engineering (Irvine, CA 
(800) 854-7179). 
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FDDI ICs and components 


FDDI network eliminates EMI and 
RFI concerns common to any net- 
work based on conductive cable. 
Furthermore, the FDDI network 
offers better security—the fiber-op- 
tic medium makes snooping on net- 
work transmissions much more dif- 
ficult than on networks based on 
conductive cable. 

However, you can’t bus fiber op- 
tics together. Therefore, each node 
must receive all data transmissions 
that circulate around the ring, and 
then retransmit (referred to as re- 
peat) any transmissions addressed 
to other nodes. In fact, because fi- 
ber optics must be connected point- 
to-point, token ring is the only net- 
work topology that truly makes 
sense for a fiber-optic-based net- 
work. 

Because each FDDI node in- 
cludes separate receive and trans- 
mit circuits, connectors, and optical 
data links, implementing an FDDI 
node can be more complex than im- 
plementing other network nodes. 
Furthermore, the FDDI standard 
defines a second ring to achieve 
fault tolerance; this second ring re- 
quires another receive/transmit fa- 
cility. But the repeat operation per- 
formed at each FDDI node also of- 
fers benefits. Each node decodes, 
checks, recodes, and reclocks data. 
Therefore, FDDI networks, in addi- 
tion to supporting much longer ca- 
ble lengths between nodes, offer 
better error specs than a network 
such as Ethernet. 

FDDI networks suit a number of 
applications. For example, the per- 
formance specs would allow the net- 
work to serve a corporation or uni- 
versity campus that might physi- 
cally be the size of a small town. 
In fact, the term LAN doesn’t accu- 
rately describe the FDDI network’s 
capabilities, because the network 
can exceed the bounds of what most 
people think of as local. FDDI net- 
works even exceed the performance 
wide-area networks offer, but they 
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don’t cover as wide an area (wide- 
area networks can connect comput- 
ers worldwide). 


FDDI can serve as a backbone 


You can also expect to see FDDI 
networks used as backbones to con- 
nect many slower departmental 
Ethernet networks. Furthermore, 
most industry analysts believe that 
the cost of using an FDDI network 
will eventually drop to a level in 
line to meet the budget constraints 
of PC and workstation networks. 

The key to lower-priced FDDI 
networks lies primarily in two prod- 


uct areas. First, FDDI implementa- 
tions require a complex interface to 
perform the repeat functions and 
fast data transfers inherent in the 
network. Therefore, VLSI FDDI 
ICs are a necessity for reasonably 
priced FDDI implementations that 
perform according to the spec. Sec- 
ond, the price of components that 
provide the electronic-to-optical in- 
terface must decrease. 


More chips to come soon 
Consider the VLSI IC issue. Cur- 

rently only Advanced Micro De- 

vices offers a complete VLSI chip 
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Fig 1—A local-node processor and buffer memory combine with American Micro Devices’ 


Supernet chip set to implement an FDDI node. 
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THE OPEN 
WORLD OF 
THEMIS 
COMPUTING 


A full spectrum of 
VMEbus products 


Support for a world of applications. 


THEMIS Real-Time Open Systems 
provide solutions that put you in 


control of the application, from 
innovative single slot processing 
systems to robotics and vision. Our 
graphics and vision products help you 
keep an "eye" on the process, our 
communications and industrial I/O 
products keep you informed and the 
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TECHNOLOGY UPDATE 


FDDI ICs and components 


set that you can use to implement 
FDDI networks. You can, how- 
ever, expect other major chip 
manufacturers, such as AT&T, In- 
tel (Chandler, AZ), and National 
Semiconductor (Santa Clara, CA), 
to introduce competing chip sets 
within a year. 

Advanced Micro Devices’ Su- 
pernet chip set includes five ICs 
which, along with a controlling pP, 
buffer memory, and electro-optical 
interface, allow you to build an 
FDDI node. The chip set includes 
the Am79C81A RAM Buffer Con- 
troller (RBC), the Am79C82A Data 
Path Controller, the Am79C83 Fi- 
ber Optic Ring Media Access Con- 
troller (FORMAC), the Am7984A 
Encoder Decoder (ENDEC), and 
the Am7985A ENDEC Data Sepa- 
rator (EDS). Fig 1 depicts the chip 
set in an FDDI node. Note that an 


FDDI implementation that pro- 
vides Class A or dual-ring access 
requires two ENDECs and two 
EDS ICs. 

The RBC IC includes three DMA 
channels that allow a local FDDI 
node processor, a host bus, and the 
FDDI interface access to a 32-bit- 
wide RAM buffer. The buffer stores 
frames received from the network 
and frames waiting to be transmit- 
ted. The DPC interfaces the RBC 
and buffer to the FORMAC IC; it 
also converts 8-bit operations on the 
FORMAC side to and from the 32- 
bit buffer operations. 


IC handles MAC layer 

The FORMAC IC provides the 
Media Access Control (MAC) layer 
protocol defined by the FDDI stan- 
dard. For example, the FORMAC 
includes the logic for token han- 


dling, address recognition, and 
CRCs (cyclic redundancy checks). 
The IC also processes data frames 
and determines network availabil- 
ity. 

The ENDEC chip performs the 
4B/5B encoding and decoding de- 
fined by the FDDI standards. The 
IC communicates with the FOR- 
MAC IC via an 8-bit bus and with 
the FDDI network via a serial 
NRZI (nonreturn to zero, invert on 
ones) data stream. The EDS ex- 
tracts the clock signal from incom- 
ing NRZI data. 

The company offers the 5-chip set 
for $625 (100). It also offers a $6000 
IBM PC/AT-compatible board, 
called Fastcard, which uses the chip 
set and which also can be used as 
an evaluation tool, a software-de- 
velopment platform, or to test the 
operability of other FDDI designs. 
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Fig 2—The PMD and PHY FDDI specs define the lower layers of the network standard. The figure shows how Plessey ICs fit into a typical 
FDDI implementation. 
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FDDI ICs and components 


The price includes a number of soft- 
ware packages that support the ap- 
plications listed above. 


Chips encode/decode NRZI 


Currently, Plessey Semiconduc- 
tors is the only other company that 
has made ICs specifically for FDDI 
networks. Its SP9970 provides an 
interface between a 4B/5B encoder 
and the NRZI output; its SP9930 
provides the opposite function for 
incoming data. The pair costs $150 
(100). Fig 2 shows how the Plessey 
ICs fit into an FDDI implementa- 
tion. 

The company also offers ICs that 
you can use in the electro-optical 
interface. For example, the SP9954 
transmitter/driver, the SL9904 
transimpedance amplifier, and the 
SP9944 regenerator provide the re- 
ceive-and-transmit interface be- 
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Fig 3—A transimpedance amplifier and regenerator IC from Plessey, the SL9904 and 
the SP9944, respectively, take input from a PIN diode and generate an ECL NRZI data 
stream for data coming into a node from the FDDI network. 
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tween optical components and 
NRZI data (Figs 3 and 4). The ICs 
cost $53.74 (1000) for a 3-chip set. 
The company calls the set the 200M- 
bit/sec Chip Set because, as the 
name says, the parts can operate 
as fast as 200M bps. 


BIAS INPUT 


Optical transceivers add cost 
The electro-optical interface issue 
can most easily be resolved by opti- 
DIFFERENTIAL LEVEL cunaEM cal data link modules, also called op- 
: tical transceivers. Previously, im- 
plementing proprietary optical 
transceivers has cost companies 
SP9954 that manufacture FDDI products as 
much as $2000 to $3000 per dual- 
Seite ring connection. 

Two recent agreements involving 
several major companies, however, 
should reduce that price per connec- 
Fig 4—The SP9954 transmitter/driver circuit from Plessey can drive signals onto the tion by an order of magnitude in 
FDDI network with an LED or laser diode. the next year. First, AT&T and 
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FDDI ICs and components 


PCO agreed to standardize and 
manufacture three optical data-link 
products, including a 125M-bps 
transceiver in a_ pc-board-mount- 
able package with 32 pins divided 
into four rows. The agreement also 
defines 125M- and 200M-bps 16-pin 
transceivers that don’t use the stan- 
dard FDDI connector. But, the 
products can be used in applications 
that require the FDDI connector to 
be mounted on a bulkhead, away 
from the interface pc board. 


Expect standard optical links 
The other recent agreement in- 
volves AT&T, Hewlett-Packard, 
and Siemens. The three companies 
designed a transceiver that includes 
the standard FDDI connector, op- 
erates at full FDDI speeds, and is 
pe-board mountable. All three com- 
panies plan to manufacture the 


transceiver, which measures 3.75 x 
1.4 in. and has two rows of 11 pins 
each. 

Transceivers resulting from these 
agreements should be available 
later this fall. The agreements 
Should quickly increase the manu- 
facturing volumes of FDDI compo- 
nents, and therefore reduce prices. 
Furthermore, the competition that 
multisourcing creates should result 
in further price reductions. 

One final obstacle to the potential 
of FDDI networks involves trans- 
port-protocol software. The TCP/IP 
(Transmission Control Protocol/In- 
ternet Protocol) transport protocol 
is currently the dominant choice in 
heterogeneous networks. But TCP/ 
IP adds substantial overhead to 
network operations. Typical instal- 
lations of TCP/IP on 10M-bps Eth- 
ernet LANs only yield a throughput 


of 2M or 3M bps from application 
program to application program. 
The Open Systems Interconnection 
(OSI) TP4 transport protocol 
doesn’t promise big improvements 
either. 


TCP/IP slows FDDI operation 


Expect most early FDDI imple- 
mentations to use the TCP/IP pro- 
tocol because of its widespread use 
and popularity. FDDI-board manu- 
facturers will simply try to mini- 
mize overhead by using more pow- 
erful local wPs on the network 
boards. American Micro Devices 
recommends its 29000 reduced-in- 
struction-set computer pP as a com- 
panion to its FDDI chip set, for ex- 
ample. In the future, new, radically 
different transport protocols that 
can readily be implemented directly 
in silicon may solve the overhead 
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problem. 

Work has also begun on exten- 
sions to FDDI and possibly a FDDI 
II set of specs before FDDI is fully 
defined and in widespread use. In 
the near future you can expect defi- 
nitions of fiber-optic-based net- 
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Intel’s new Flash Memories. At first, 
they might sound too good to be true. 

But the more you know, the better 
they get. Because flash gives you the 
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Flash Memories have overtaken EEPROMs and battery-backed SRAMs.They also give you the 
density of EPROMs,with rewrite capability, or the density of DRAMs with nonvolatility. 


advantages of mainstream memory tech- 
nologies.Without any of the drawbacks. 
In one chip, you get high density. 
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Read/write capability. Random access. And 
nonvolatility. All at the lowest system cost. 

In fact, Intel’s new 28F010 and 28F512 
Flash Memories offer so much that they 
give you a powerful new alternative to 
EEPROMs. EPROMS. Battery-backed SRAMSs. 
And disk/DRAM combinations.Whether 
you compare them on performance. On 
price. Or on reliability. 

No matter how you look at it, this is a 
memory solution you should learn more 
about. Before your competition does. 

So call (800) 548-4725, Lit. Dept. #6A14. 
And we'll send you everything you need 
to know In a flash. 


in 


® 


©1989 Intel Corporation. 
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Power | y 
at your command J 


Military DC/DC Converters 
+5, +12, +12, +15, +15V 
Single and dual output 


AHE Series DC/DC converters from Advanced Analog 


have the power and reliability needed for 
military and aerospace systems. 


@ -55°C to +125°C and -55°C to +85°C 
temperature range 
™@ Screened to MIL-STD-883C, Method 5008 
in a MIL-STD-1772 certified facility 
@ 15W and 20W output power 
@ Hermetically sealed 
@ Advanced feedback method uses no 
optocouplers for high reliability and greater 
radiation tolerance 
Now you can get the higher temperature range 
your system requires. And improved performance. 
Advanced Analog’s AHE Series are built for rugged 
environments and guaranteed to outperform any 
other standard DC/DC converter of this type. Other 
standard Mxx Series converter models are available. 


We've got the experience. Our PS Series triple-output, 80W 
converter is serving in the newest attack helicopter. 


Need a special converter or power hybrid? Call us and 
we'll work with your team to get the best solution for 
your needs. 
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DC/DC Converters 


Output Output Voltage (V) 
Power Current (A) 


SV,0- 3A 


AHE2812S = 20 12V, 0 - 1.67A 
AHE2812D 15 +12V, 0 - 625mA 
15V, 0 - 1.33A 


+15V, 0 - 500mA 


-SS°C to +85°C and -55°C to + 125°C 
Input voltage range is 17 - 40V 


MIL-STD-1772 Advanced 


Qualified int 
2270 Martin Avenue 
Santa Clara, CA 95050 


(408) 988-4930 
EDN September 14, 1989 


DN?’s Industrial Electroni ; 
Product Showcase _ 


that today’s system-level products offer high verter ’ 1a 
feature very user-friendly interfaces. 
For example, Burr-Brown’s PCI-501H workstation We you « 
data and control tests within 30 minutes after receiving it. Its men 
driven, factory-i alled software enables you to communicate with 
to become a programmer. The p»DCS-6000 
from Analog Devices also eliminates the 
2e xpertise. You simply employ menu-driven 
prearranged algorithms to ges I/O proc- 
s with defined parametetig 
ature GF the aL sk eontrol 


component that’s designed to simply the 
integrates a low-power LCD and custom 
of an spst momentary contact switch. You 
to provide full- “screen graphics displays or 


ia systems ie the power of the computer 
e’s 1034 Seantouch terminal uses touchscree 


1 from the ay presented. The Model 1448 PC-bus f 
rom Texas Microsystems is housed in an enclos 


you’ ve been looking for. 
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LCD /switch combination 
eases man-machine interface 


The Pixie module is designed to 
simplify the man/machine interface. 
It integrates a low-power LCD and 
a custom IC driver into the keycap 
of an spst momentary contact 
switch to provide a user-friendly 
method for machine control and dis- 
play applications. The LCD em- 
ploys super-twist technology and 
features LED-type backlighting to 
accommodate low ambient lighting 
conditions. 

The LCD consists of 864 pixels 
in a 24xX36-pixel matrix that pro- 
vides full-screen graphics displays. 
You can also configure the Pixie’s 
display in a 5X7-dot matrix to ob- 
tain a 3-line x 6-character alphanu- 


meric presentation. The total view- 
ing area is 0.49 x 0.59 in. 

The spst switch contacts have a 
nominal rating of 12V de at 50 mA. 
The contact-withstanding voltage 


rating is 250V ac for 1 minute. Con- 
tact resistance and isolation resis- 
tance are 10 max and 50x10°O 
min, respectively. Actuation force 
is 130g + 20g; switch-bounce time is 
© msec max. 

The %x‘%-in. Pixie module, 
which costs $40.72 (100), is designed 
for through-the-panel pc-board 
mounting and requires a behind- 
the-panel depth of only *4 in. Mod- 
ule life expectancy is at least 10° 
operations; the operating range 
spans 0 to 40°C. 

IEE Inc, 7740 Lemona Ave, Van 
Nuys, CA 91409. Phone (818) 787- 
0311. FAX 818-902-3723. 
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Smart process monitor /controller 
features two isolated signal inputs 


The PM-5080 process monitor/con- 
troller features two isolated volt- 
age/current signal inputs—O to 100 
mV (or 0 to 20 mA), and 0 to 10V. 
It also offers four programmable 
setpoint relays for on/off control, an 
RS-232C port, and an optional ana- 
log output for linear control applica- 
tions. User-defined algorithms and 
input scaling functions allow you to 
adapt the unit to a variety of input/ 
output tasks. 

Input signals are easily scaled to 
engineering units for display on the 
PM-5080’s 6-character fluorescent 
readout, which can also display any 
2-character unit descriptor. You can 
also configure the readout to alter- 
nately display (at 2-second inter- 


94 


vals) as many as eight system vari- 


ables. The setpoint relays will 
switch 300V/100-mA loads. The op- 
tional 0 to 10V analog output is con- 
trolled proportionally by one of the 
two input signals or a user-defined 
math function. 


All configuration information can 
be entered using either the front- 
panel keypad or via commands sent 
through the serial port. When 


you're using the keypad, the menu 


and enter keys allow you to trav- 
erse a series of prompts, whichask 
you for specific operating parame- 
ters. With the serial port, simple 
ASCII commands read and set op- 
erating parameters. 

The $395 PM-5080 is housed in a 
/s-DIN package, which also includes 
a choice of 100, 115, or 230V ac 
power supplies. 

Datel Inc, 11 Cabot Blvd, Mans- 
field, MA 02048. Phone (508) 339- 
3000. FAX 508-339-6356. 
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A Little Buys a Lot 
of Power Op Amp 


~ OPAS41AP is the superior 
_ choice for a wide range 
of mofor driver, servo - 

— amplifier, and 

_ programmable power 
supply applications; 

_ consider it also for audio 
systems and ATE pin 
rivers. 
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OPA544AP 
Delivers . 
5A at 30V 


OPAS41AP is the 
industry's first low cost 


power op amp. It’s our "| 3 7 a *25 | The First One’s 
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popular monolithic IC, 
already proven in Free 
hundreds of applications, Put the OPAS41AP to the 


test in your design. 
Contact your local sales 
office for a free sample, 
data sheet, or more 
information on Burr- 
Brown’‘s complete 
selection of power op 
amps. 


and now offered in a 
unique high-power 
plastic package. Not 
only does it take up less 
board space than a 
TO-3, but it’s easier and 
cheaper to heat sink. 


High 


# 
z 


Burr-Brown Corp. 


Performance __,, . P.O. Box 11400 | 
vs af _ AZ 85734 
Specs deo am : 


FAX (602) 741-3895 


@ Power supply range, 
+35V max 

@ Output currenf, 
5A continuous max, 
140A peak 

@ Small-signal 
bandwidth, 1.6MHz 

@ Open-loop gain, 
400dB 

@ Offset voltage, +0.4mV 

@ Input Bias Current, 4pA 


to Make vs. Buy | 
If you're still choosing | 
in-house builds over 


look again. Our 
performance and : 
package will give you 
more than your money's 
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Rugged, fully integrated workstation 
features user-friendly interface 


Ease of use is a key feature of the 
PCI-501H Series workstation—a 
ready-to-run data-acquisition, test, 
measurement, and control system. 
Most users will be collecting data 
and controlling tests with the unit 
30 minutes after setup. 

The unit includes 48 single-ended 
analog-input channels (24 channels 
in differential mode), 32 channels of 
digital I/O, and 8 analog output 
channels. The workstation has 512k 
bytes of RAM, a 20M-byte hard 
disk, a 1.2M-byte floppy-disk drive, 
serial and parallel ports, a color 
graphics monitor, and a spill-proof 
keyboard. 

The software to collect, store, 
control, and process data is factory- 
installed and menu-driven. The 


ppP-based temperature controller 


menus simplify the setting up 
of channel-numbering assignments, 
triggering, and real-time calcula- 


tions. You can store acquired data 
onto disk and call up any setup for 
future runs. 

The PCI-501H, which costs 
$11,995, is housed in a rack-mount 
enclosure. A 200W power supply 
and four expansion slots accommo- 
date the need for future expansion. 
A complete set of termination pan- 
els and shielded/ground-plane ca- 
bles, which make it easy to connect 
the workstation to input-signal 
sources and to output and/or control 
devices, is also included. Models are 
available for both 110 and 220V ac 
operation. 

Burr-Brown, 1141 W Grant Rd, 
MS 131, Tucson, AZ 85705. Phone 
(602) 746-1111. 
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features automatic self-adjustment 


The Temp-200 is a full-featured, 
field-programmable temperature 
controller that features a menu-se- 
lectable choice of inputs—J or K 
thermocouples, as well as 3-wire 
100Q, platinum resistance-tempera- 
ture detectors (RTDs). The unit 
features an automatic self-adjust- 
ment capability. You can also set 
up the controller from the front 
panel for proportional bandwidth, 
integral/reset time, derivative rate, 
cycle time, and on/off hysteresis 
readings. 

Using the sealed-membrane key- 
board, you can select one of 17 func- 
tions by cycling through the menu. 
Available functions include eight 
alarm-output modes, nine tempera- 
ture ranges, a choice of °F or °C 
scales, a choice of input and output 
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control, temperature range, low/ 
high and alarm limit. Resolution 
equals 1°C or °F for thermocouples 
and 0.1°C or °F for RTDs. All setup 
parameters are stored in nonvola- 
tile RAM. In addition to the 2-line 
LED display, which shows both the 
current process variable and your 


choice of high or low set point, the 
Temp-200 features an alarm indica- 
tor and operational-mode indicator. 

The main output control on the 
Temp-200 is a relay rated for 12V 
de at 20 mA. A separate alarm relay 
is rated for 1A. Common-mode re- 
jection is 120 dB min. The controller 
draws 8 VA and operates over a 
—10 to +55°C range. 

The unit costs $327; it comes with 
an environmentally secure Mylar 
front panel. The linear-type menu 
features a mode display and incre- 
ment/decrement choice selection. A 
front-panel lock prevents inadver- 
tent setup changes. 

Acculex, 440 Myles Standish 
Blvd, Taunton, MA 02780. Phone 
(508) 880-3660. TLX 503989. 
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put the best on 
your bench: the 


The most impressive 
number to come out of the 


Tek DAS 9200 may be its 
price: now you can leverage p 
erformance 
the power of the DAS for analysis, dis- 
little more than the cost of assembly signal 
systems that aren’t oe ; 
shee in the same 7 pace ser OLes 
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can be on your bench 
or in your department 
for under $18,000... 


MICRO SUPPOR = Bs 
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elegant implementa- with vast expandability 


tion for chips built in. 


68030 and cia 
68020. The Test are-8 a a Expand up to 540 and get your hands 
| most sophisti- — : acquisition channels or, | on it at last. For infor 
cated trig- using other modules, mation or a demon- 
gering of | a up to 160 channels at stration, contact your 
any logic Split screen displays can show microprocessor activity 2 GHz. Apply up to 1008 _~=—«‘Tek sales engineer, or 
analyzer Ite He with nigh Speed Beiwea Celes eae stimulus channels at call 1-800-245-2036. In 
: y of another microprocessor. The cursors can 
ever built. Ex- be locked to scroll in parallel, highlighting data nearest to 90 MHz. Oregon, 231-1220. 
pand to monitor as many the same point in time. 
as six micros at once, 
with clock rates to 40 MHz. 
BITS OF MEMORY 
DEPTH 


That's minimum per channel 
—which is 4 to 32 times what 
competitive instruments 
offer at best. And you 
can keep expanding 
the DAS acquisition 
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The smallest fullfeature 
defibrillator in the field. 


Defibrillators come in many sizes. But when paramedics 
rush them into the field, the smaller the better. This calls for 
batteries that do their job ina minimum of space, weight 
and time. Which is exactly what rechargeable batteries 
from Gates Energy Products do in the new Physio-Control 
LIFEPAK® 10 defibrillator/monitor—the smallest full- 
featured portable defibrillator in the world. 

Gates does it with three custom-designed nickel- 
cadmium battery packs. They’re lightweight, fast-charging 
and conveniently interchangeable with batteries in other 
Physio-Control units. 
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Gates batteries have helped power Physio-Control mec 
ical products for more than a decade. That’s because, at 
Gates, we believe in longterm relationships. So, whether 
you're developing a new product or trying to improve ar 
existing one, we can help you like nobody else. | 

For starters, nobody else in the business can match our 
technical and applications engineering support. This 
means one-of-a-kind configurations in less time than you 
ever thought possible, as a result of our new CARRD com- 
puter design system. Customized packaging of any size, 
shape and color. And, as part of our Advanced Technology 
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The power 
that helped it get there. 


Qualification Program (ATQP™), advanced new product 
development to meet specific customer needs. 

Of course, service and support are just part of the story. 
Inthe end, itcomes down to the cells themselves. And, at 
Gates, we offer a full line of standard and custom-designed 
rechargeable batteries—including not just nickel-cadmium 
but also sealed-lead and nickel-hydrogen. All of which 
offer you unsurpassed power delivery in a multitude of cell 
sizes. With batteries ranging from 0.065 amp-hours to 
awhopping 25. 

And you getall of this no matter where you happen to 


be, because our assembly and packaging facilities are 
located throughout the world. And there's equal support 
for smaller quantity needs, thanks to our strategically 
located Value-Added Centers. 

Great ideas deserve to become great products. And 
great products deserve to become even greater. Give us a 
chance to show you why we’re the company idea people 
turn to most. Call us at 
1-800-627-1700. And 
experience the power LD ale: 


of your great idea. 


The power of great ideas.” 


Energy 
Products 
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RTAda; model: Robot controller Coding and Remote 
Debugging 
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© 1989 Ready Systems Corporation. VRTX is a registered trademark and CARDtools, VRTX 32, RTscope, ARTX, MPV, IFX, Hyperlink, RTAda and Taskbuilder are trademarks of Ready Systems Corporation. 
Other brand or product names are trademarks or registered trademarks of their respective holders. 
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what it takes 


real-time? 


Operating System Debug I/O and File Management 
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Multiprocessing 
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Lo 32 —_ RTscope 


Embedded Networking 
Microprocessors 


TARGET 


Successful real-time design for 
embedded systems takes more than extra- 
ordinary helpings of craft and creativity. 

It also takes the nght tools. Which may 
explain why our CARD (Computer-aided 
Real-time Design) technology is behind the 
development of well over fifty million lines 
of real-time code. 

We're not talking about ordinary 
tools spruced up with a few real-time exten- 
sions. CARD technology was created 
exclusively for the real-time world specific- 
ally for integrating run-time and software 
development environments. 

We are talking about tools such as 
reusable software components like VRTX? 
the real-time operating systems standard. 
Real-time implementations of C and Ada. 
Automated analysis tools for verifying sys- 
tem performance. Our CARDtools* product 
gives you everything you need including 
specifically tailored design aids to manage 
software organization and data flow. 

And automated documentation so 
complete, so accurate, it satisfies even the 
DoD’s rigid 2167A specs. Not to mention 
the demands of our hundreds of exacting 
commercial customers. 

So if you'd like to have what it takes to 
make your next real-time project run more 
efficiently call us, toll free, at (300) 228-1249. 
Or (214) 661-9526 in Texas. 

Because you can only be a success in 
real-time design if you've got the right stuff. 


© READY 
SYSTEMS 
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POWER AMPLIFIERS 


The PC-Mate-10 Series power am- 
-plifiers consist of 1, 2, or 3 servo 
drivers and a power supply in a 
metal enclosure. To simplify mo- 
tion-control system designs, the 
amplifiers can connect directly to 
servo motors and encoders. 

A complete 3-axis system re- 
quires only an IBM PC/XT or PC/ 
AT computer and an appropriate 
motion controller. The amplifiers’ 
drivers are pulse-width-modulated 
at 30 kHz. The amplifiers are avail- 
able with power ratings of 32V at 
DSA and 48V at 10A. When con- 
nected to an appropriate motor, the 
amplifiers achieve speeds of 4000 
rpm and peak torques of 400 oz-in. 

The amplifiers work from 110V 
ac power and operate over a 0 to 
70°C temperature range. In 3-axis 
versions, the 32 and 48V amplifiers 
cost $1995 and $2595, respectively. 

Galil Motion Control Inc, 1054 
Elwell Ct, Palo Alto, CA 94303. 
Phone (415) 964-6494. FAX 415- 
964-0426. - 

Circle No 751 


ACQUISITION UNIT 


The Model 575 PC-based A/D data- 
acquisition instrument takes 50,000 
measurements/sec. The vendor sup- 
plies two versions: the 575-1, which 
digitizes analog data with 12-bit 
resolution, and the 575-2, which 
provides 16-bit resolution. 

Both units provide two outputs 
from high-speed D/A converters 
and allow you to connect eight dif- 
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ferential or 16 single-ended analog 
inputs. They also provide 32 digital 
I/O channels. The connection 
scheme facilitates the use of Analog 
Devices’ 8B Series analog signal 
conditioners. 

The supplied software drivers 


permit you to control the instru- 


ments from programs written in ad- 
vanced PC Basic (BasicA). An op- 
tional software package is compat- 


ible with several implementations 
of C and Pascal. 575-1, $1800; 575-2, 
$1600. 

Keithley Instruments Inc, 28775 
Aurora Rd, Cleveland, OH 44139. 
Phone (800) 552-1115; in OH, (216) 
248-0400. TLX 985469. 
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DISPLAY 


Featuring cold cathode fluorescent 
sidelighting, the FLC640480WSUB 
black-and-white LCD uses double 
super-twisted-nematic technology. 
The display’s polarizing layers con- 
sist of indium tin-oxide-coated glass 
substrates, which produce a high- 
refractive light coefficient. 

The display has a 640 x 480-dot 
matrix and features a 50° viewing 


angle cone. The unit has a 15:1 con- 
trast ratio and a 15.12-fL brightness 
level. The display also has a 180- 
msec response time and a 8.3 x 6.2- 
in. viewing area. The overall panel 
measurements are 11.78 in. $575 
(1000). 

Fujitsu Component of America, 
3330 Scott Blvd, Santa Clara, CA 
95054. Phone (408) 562-1000. 
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POWER SUPPLIES 


The NFS350 Series open-frame 
switchers accept any input voltage 
from 85 to 264V ac without the need 
for jumper wires or a switch. The 
NFS350-7625 model has outputs of 
d.1V, +12V, and a floating output 
that you can adjust from 4.5 to 


16.5V and reference as either posi- 
tive or negative. A second model, 
the NF'S350-7626, offers outputs of 
0.1V, +12V, and a floating output 
that you can adjust from 15 to 30V 
and reference as either positive or 
negative. 

With forced-air cooling, total sup- 
ply output power at an ambient 
temperature of 50°C is 850W. The 
supplies’ typical efficiency is 70%. 
The NFS3850 Series supplies are 
UL-, CSA-, and VDE-approved, 
and their built-in line filter reduces 
conducted noise below FCC limit B 
and VDE limit A. $319 (100). 

Computer  Products/Boschert, 
3797 Spinnaker Ct, Fremont, CA 
94538. Phone (415) 657-6700. 
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Now, EL se 
. what about “Tad 
6 the other 95% 
of your design? 


Signetics 
We've got the guts! 


It takes more than a microprocessor to improve product 
performance. 


At Signetics, we haven’t developed proprietary MPUs. 
Instead we’ve concentrated on the other 95% of your 
system. We call it “the guts.” 


That’s why we’re known as your dependable, worldwide 
supplier of quality ICs. Producers of devices that are 
processed with leading-edge technology and supported 
with customer-oriented service. 


We provide everything essential to the total perfor- 
mance of your design. And we make it easy for you 
to get it. From one vendor. In less time. With less 
paperwork. For less cost. 


We’re Signetics. We’ve got the guts! Make us prove it. 
Call (800) 227-1817, ext. 982D and ask for our new 
capabilities brochure. 


© 1988 NAPC 
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DC CALIBRATOR 


The Model 521 is a wpP-based, 
IEEE-488-controlled, de voltage/ 
current calibrator. It transparently 
runs programs written for the ven- 
dor’s earlier Models 520, 520/A, and 
501J. 

The 3’4-in.-high unit produces 
currents from 10 nA to 110 mA in 
two ranges, and voltage compliance 
in current-forcing mode is 100V. 
The instrument has three voltage- 
forcing ranges with 100-mA compli- 
ance. The 521 produces outputs 


from 100 nV to 100V and offers an 
optional 1100V range. 

All instrument ranges provide 1- 
ppm resolution and a crowbar zero. 
Within one year of calibration, volt- 
age-forcing error is 20 ppm; cur- 
rent-forcing error is 50 ppm. $3150. 
Delivery, 60 days ARO. 

Electronic Development Corp, 
11 Hamlin St, Boston, MA 02127. 
Phone (617) 268-9696. 
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MODULAR ENCODER 
Designed to work with 6-, 8-, or 
12-pole brushless motors, the 


CM216 Comtrac modular encoder 
provides digital commutation pulses 
as well as quadrature outputs and 
index pulse. Simple installation is 
a key device feature. You simply 
press the unit onto the back of your 
brushless motor and align the com- 
mutation tracks with the poles of 


Extraordinary Endurance 


for 3M’s unique modular telephone cross-connect cabinet. 

Exterior housing. Port housing. Base, covers, ribbed bi-fold doors. 
Replacing metal with major improvements in performance 

and design. Impact strength, dimensional stability, 

fire resistance. Parts consolidation. 

Easy access. Long life. Advanced 

materials and process 

leadership—only from GE. 

For more information, call: 


(800) 845-0600 
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GE Plastics 


* Trademark of GE 


the motor. 

The CM216 effectively reduces 
the motor’s length and cost by 
eliminating the need for extra com- 


mutation magnets. The encoder 
tracks on the encoder’s code disk 
are not affected by hysteresis. 
Housed in a 2.1-in.-diameter 
package, the CM216 accommodates 
motors featuring '4-, *%-, or °-in. 
throughshafts. An integral 360° 
servo groove simplifies the task of 
aligning the commutating tracks 
with the poles of the motor. The 
operating range spans 0 to 80°C. 
$97.50 (100). 

BEI Motion Systems Co, 1755-B 
LaCosta Meadows Dr, San Marcos, 
CA 92069. Phone (619) 471-2600. 
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SEALED SWITCHES 


To accommodate harsh exterior en- 
vironments, P3 Series rectangular- 
shaped pushbutton switches are 
completely sealed at both the front 
and back of the panel. Drain holes 
in the bezel allow water to exit and 
therefore prevent freeze-up during 


EDN September 14, 1989 


Industrial Product Showcase 


cold weather. 

P3 Series snap-action switches 
are designed to handle loads from 
logic-level currents as high as 10A. 
The switches feature a contact-wipe 
design that helps break contact 
welds and maintain low contact re- 
sistance. Contact resistance is less 
than 25 m0. 

P3 Series switches are designed 
to operate over a —55 to +85°C 
range. These snap-in mounted 
switches are available in NO, NC, 
and dpdt configurations. They have 
a 0.25-in. front-panel projection and 
a 1.125-in. rear-panel projection, in- 
cluding the 0.25-in. quick-connect 
terminals. $4.59 (100). Delivery, 
four to six weeks ARO. 

Otto Controls, 2 E Main St, Car- 
pentersville, IL 60110. Phone (312) 
428-7171. FAX 312-428-1956. 
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HANDHELD DSO 


The 222 digital-storage oscilloscope 
has a 10-MHz bandwidth and is 
small enough to fit into your tool- 
box. It has a built-in battery, 
weighs just 4’2 lbs, and measures 
31x 6'/4 x 10 in. 

Each of the two y-axis inputs is 
ohmically isolated from the other 
and from the chassis. The 222 scope 
samples to 8-bit precision at 10M 
samples/sec; at fast sweep speeds, 
it automatically switches to equiva- 
lent-time sampling. 

Despite its small size, the 222 in- 
corporates many conveniences 
found in full-size digital-storage 
scopes—for example, storage and 
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recall of control setups. An R&S- 
232C port allows you to control the 
scope from a remote terminal or a 
computer and lets you unload cap- 
tured waveforms. $2350. 
Tektronix Inc, Box 1700, Beav- 
erton, OR 97075. Phone (800) 426- 
2200. 
Circle No 758 


RS-232C MODEM 


These RS-232C modems link data- 
communication equipment to data- 
terminal equipment via fiber-optic 
cable. They accommodate either du- 
plex plastic or glass fiber-optic ca- 
bles and handle asynchronous data 
rates ranging to 19.2k baud. 

In addition to eliminating ground 
loops and EMI/RFI problems, the 
modems extend RS-232C transmis- 
sion distances to as far as 2 km. 
Modem power is obtained through 
a DB25-pin connector or from an 


optional external  plug-in-jack 
power supply. The units are avail- 
able with either male of female con- 
tacts in data-communication- or 
data-terminal-equipment configura- 
tions. They are compatible with 
AT&T ST-type connectors. From 
$39 (100) Delivery, eight weeks 
ARO. 

Thomas & Betts Corp, Electron- 
ics Div, 1001 Frontier Rd, Bridge- 
water, NJ 08807. Phone (201) 685- 
1600. 
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PBT RESIN 


Exceptional ‘Toughness 


for the connector block in 3M’s innovative telephone cross-connect 
cabinet—the only unit of its kind and size designed in plastic 


instead of metal. 

Specified for outstanding 
chemical resistance, plus 
long-term dimensional 
stability and creep resistance 
to maintain tight tolerances 
without warping. Application- 
tailored performance 
and product development 
support—only from GE. 

For more information, call: 


(800) 845-0600 
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TERMINAL 


The 1034 ScanTouch terminal uses 
touchscreen technology to provide 
the operator interface. It also fea- 
tures an integral bar-code reader, 
which accepts input from a variety 
of bar-code devices. 

The terminal interprets com- 
mands from the host computer to 
create displays that provide infor- 
mation for the operator, or prompts 
the operator to make a selection 
from the choices presented. The 
1034 can thus provide simple menu- 
type interaction with the operator 
for any number of functions. 

The terminal connects to a host 
computer via RS-232C, RS-422, or 
RS-485 multidrop ports. In a mul- 
tidrop configuartion, you can con- 
nect as many as 32 terminals to one 
serial-interface port. A  bar-code 
wand and a NEMA 12 dust-tight, 
drip-proof panel-mount kit are op- 
tional. $2795. Delivery, 10 weeks 
ARO. 

John Fluke Mfg Co Inc, Box C- 
9090, Everett, WA 98206. Phone 
(206) 347-6100. TWX (910) 445- 
2943. 
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CONTROL SYSTEM 


The wDCS-6000 pP-based control 
system eliminates the need for pro- 
gramming. Users simply employ 
menu-driven control blocks contain- 
ing prearranged algorithms to map 
their I/O process and associated 
events with defined parameters. 
The system operates under the 
direction of FIX DMACS proprie- 
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tary software. Control blocks of 
FIX DMACS are embedded as 
firmware on the -6000 for complete, 
independent operation. The system 
features 256k bytes of battery- 
backed RAM and a 0.1-sec scan 
rate. The system readily accommo- 
dates modular I/O expansion. You 
can multidrop as many as eight con- 
trollers from a single host worksta- 
tion. Each controller has 344 analog 
and digital I/O points; modular ex- 
pansion boards allow you to in- 
crease I/O capability to 1376 points. 


Four versions of the -6000 pro- 
vide applications with a best-fit so- 
lution for a number of processes. 
The S$ version features SCADA 
(statistical control and data acquisi- 
tion). SCADA and additional batch 
and continuous control are provided 
by the CN version. The CN87 adds 
number-crunching capability. The 
SPC87 model provides all of the 
above plus statistical process con- 
trol and histogram capability. $3595 
to $4995. 

Analog Devices Inc, Box 9106, 
Norwood, MA 02062. Phone (617) 
326-6666. 
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SERVO AMPLIFIER 


The Motomatic II single-axis, 4- 
quadrant PWM amplifier is de- 
signed to drive a variety of de servo 
motors. The totally enclosed pack- 
age’s front panel features coarse 
and fine adjustments, as well as 
digital speed and torque readouts. 

The amplifier’s input power 


range is 120 to 240V ac at 49 to 440 
Hz. Peak and continuous output 
power ratings are 6 and 3A, respec- 
tively. From no-load to full-load 
conditions, the amplifier will hold 
motor-speed variations to within 
1% of set speed. 

Electrical specifications for the 
Motomatic II include a switching 
frequency of 25 kHz and an input 
impedance of 22 kQ. Short-circuit 
and overload protection are stan- 
dard. The operating range spans 0 
to 50°C. $695. 

Robbins & Myers/Electro-Cratt, 
6950 Washington Ave S, Eden 
Prairie, MN 55344. Phone (800) 
328-3983. , 
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SIGNAL CONDITIONERS 


SCM5B Series single-channel ana- 
log signal conditioners are specifi- 
cally designed for harsh industrial 
control and measurement applica- 
tions. The line includes two voltage- 
input modules (SCM5B30 and -31), 
a thermocouple-input module (SCM- 
5B17), and two wide-bandwidth 
voltage-input modules (SCM5B40 
and -41). 
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Plug In To Dynamic Design, Material 
And Processing Creativity With GE. 


Solutions 1n total from the high-tech source. Diverse resin chemistries. 


Alloys, composites, copolymers. Advanced process development and expertise. 
The exclusive Engineering Design Database—unique design and analysis 
tools in a total system for plastics engineering. 


The innovative 3M telephone cross-connect cabinet: housing components 
of foamable LEXAN’ resin, connector block of VALOX*’ resin. 


Materials technology, complementary expertise 
and support resources—only from GE. 


For more information call: 


(800) 845-0600 
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The D interface may look familiar, 
but our latest I/O connectors have 
some special temptations all their own. 
Density, for instance. Mating 

contacts in a .050” by .100” pattern 
shrink I/O real estate dramatically, 
with sizes to 120 positions. Our 
staggered .075” by .100” pcb 


position connectors were 
recently selected as the 
Small Computer Systems 
Interface (SCSI). The 
X3T9.2 Standards Com- 


a 


AMPLIMITE .050 Series 50 and 68 


layout frees up more board, too, but 
still leaves trace routing uncomplicated. 

And shielding, for another 
instance. All the effectiveness you 
expect from steel front shells and 
AMP engineering—plus our make- 
first/break-last design to handle electro- 
static discharge concerns as well. Add 
superior strain relief, consider our 
squeeze-to-release option, and you 
have a compelling package. 


Maximum flexibility with right-angle, 
stacking, and edge-to-edge con- 


_ Strict polarization, simple interface. 


figurations. Fork-and-tab contacts — 
_minimize insertion/extraction force. © 


“Setar ca nny 


All part of our flexible 
AMPLIMITE .050 Series Connector 
line. Board-to-board styles feature the 
same .050 centerline, gold-over-nickel 
plated phosphor-bronze contacts. 
Thermoplastics are 94V-0 rated, and 
everything is compatible in design 
and material with robotic applications. 

And our board-to-board config- 
urations allow parallel stacking with 


minimal .472” spacing, plus edge-to- 
edge, plus right angle configurations 
with pin or sockets. 

Let us tempt you. Call the 
AMP Product Information Center 
at 1-800-522-6752 and ask about 
AMPLIMITE .050 Series 
Connectors. AMP Incorporated, 
Harrisburg, PA 17105-3608. 
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The ten years battery 
that offers you even more capacity. 


Modern micro-electronics now have a clear VARTA Lithium cells achieve a lifetime of 10 years. 
pace setter where high capacity Lithium Cells They can be wave-soldered without any addi- 
are concerned — the VARTA CR Cylindrical cell tional precautions. 


specially developed for the specific demands If the needs of yourmemory | 
of the computer age. backup is for an environmen- 
For long life and high reliability. tally friendlier cell with a | 
With capacities second to none worldwide: high energy density, then it is 
2.0 Ah for the AA, 1.4 Ah for the 2/3 AA, time to start thinking about 

1.0 Ah for the 1/2 AA and 350 mAh for the an improved product for the 
1/4 AA, the smallest type in the range. future. Just call us for your 


Laser welding and a self-discharge of less than free samples. 
1% per year means that the ail —— : 


b= 


RSENS 


at 


1.0 Ah + System Li/MnO, : 


$8 gs cm 38 .- 
- oi 2 3 - - as 2. 
= <7 3 3 Re 8 
CIRCLE NO 94 
Varta Batterie AG Varta Batteries Inc. Varta Batteries Pte. Ltd. 
Am Leineufer 51 300 Executive Boulevard P.O.Box 55 
D-3000 Hanover 21 Elmsford - NY. 10523-1202 Bedok North Post Office 


W-Germany - Tel. (0511) 7903-1 USA - Tel. (0914) 59 22500 Singapore 91 46 - Tel. (02 41) 2633 
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All modules employ a logic switch 
to control the output so they can 
share a common bus without having 
to employ external multiplexers. 
All units feature 1500V_trans- 
former-type isolation, 160-dB com- 
mon-mode rejection, 74-dB normal- 
mode rejection, and +0.05% accu- 
racy. Linearity, drift, and input 
protection are +0.02%, +1 wV/°C, 
_and 240V ac, respectively. 

All modules in the SCM5B Series 
meet the transient protection re- 
_ quirements of IEEE-STD-472. The 
modules are housed in a 2.25x 
2.25 x 0.60-in. encapsulated pack- 
age and operate over a —29 to 
+85°C range. Two 19-in., rack- 
mountable backplanes are avail- 
able. The SCMPBO1 provides 16 
nonaddressable I/O signal channels; 
the SCMPB02 allows you to multi- 
plex 16 channels onto a common 
analog bus. SCMB5 modules, $150; 
SCMPB01, $250; SCMPBO02, $260. 

Burr-Brown Corp, Box 11400, 
Tucson, AZ 85734. Phone (602) 

746-1111. 
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TERMINAL 


The Model 390X-03 terminal com- 
bines a 2-line x 40-character vac- 
uum-fluorescent display with a 
standard 2-row X11l-column metal- 
dome keypad, which provides tac- 
tile feedback and features ESD 
shielding. Custom switch legends 
can be applied directly to the slide- 
in plastic strips, which come with 
the unit, to create a finished ap- 
pearance, even during prototyping. 
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The keypad and display share a 
common RS-232C I/O. You can con- 
figure the unit as a data-terminal 
equipment (DTE) or data-communi- 
cations equipment (DCE) device. It 
handles 1200 or 9600 baud data 
rates. The display provides both up- 
per- and lower-case letters plus an 
expanded ASCII character set, 
which includes scientific and Euro- 
pean characters in a 5X7 dot-ma- 
trix format. 

The display characters are soft- 
ware-dimmable to three levels of 
brightness. The 390X-03 has 3k 
bytes of EPROM available for as 
many as 127 canned messages. 
$268. 

IEE Inc, 7740 Lemona Ave, Van 
Nuys, CA 91409. Phone (818) 787- 
0311. 
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AC-POWERED DPM 


The Big-Little digital-process-con- 
trol panel meter is designed for 
high-density applications. Panel- 
space needs measure only 2.3 x 1.0 
in., and the behind-the-panel depth 
requirement is less than 1.3 in. 


The line-powered DPM is avail- : 


able with either red or green back- 
lighting for the LCD readout. With 
the backlighting, the meter is com- 
patible with application environ- 
ments ranging from complete dark- 
ness to full sunlight. 

The meter’s operating range 
spans —20 to +60°C. It includes 
overrange indication, a convenient 
screw-terminal connector, choice of 
bezel or window mount, process and 
de inputs with span and offset ad- 
justments for scaling in engineering 


Serious FFT 
spectrum 
analysis 
for thousands 
less. 


We offer a choice of real-time 
spectrum analyzers in the $3K to 
$5K range. That’s thousands of 
dollars less than any competitive 
product. 


A cut in costs doesn’t mean a cut in 
performance. 

Just the opposite. Competitors 
offer one channel: we offer the abil- 
ity to sample 2 to 4 channels simul- 
taneously. Others offer DC to 
100KHz bandwidth: we offer DC to 
10MHz. Real-time processing? We 
include a DSP engine for blazing 
fast FFT calculations. 

The rest of our specs? 32 to 128K 
data buffers. Autosave spectrums to 
hard or floppy disk. Two modes of 
spectrum averaging. Fully differen- 
tial inputs. Linear or log amplitude 
scaling. Amplitude and frequency 
cursor. Print, store, retrieve and 
overlay spectrums. 


Plus, a digital scope is included. 

All our spectrum analyzers are 
also digital oscilloscopes, at a single 
keystroke, for one low price. 

For FFT analysis you can afford, 
call or write Rapid Systems, 433 N. 
34th St., Seattle, WA 98103. (206) 
547-8311. FAX (206) 548-0322. 


RAPID SYSTEMS 
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R370: Dual channel, 1OMHz FFT spectrum analyzer 
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units, and ac inputs for current- 
transformer signals. $80 to $90 
(OEM qty). Delivery, four to eight 
weeks ARO. 

Modutec, 920 Candia Rd, Man- 
chester, NH 03103. Phone (603) 
669-5121. 
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CARD FRAME 


Fastframe’s design features com- 
pletely open sides to ease probing 
and simplify connection to the com- 
puter system under development. 
The unit is intended specifically for 
applications where conventional ex- 
tender boards would present access 


SE a 
SURFACE MOUNT CONNECTORS 
THAT REALLY WORK! 


... And Hirose is delivering right now. 


With Hirose’s new surface mount connectors, your miniature designs 
can be on the cutting edge of technology. 


Leave it to Hirose engineers to develop and manufacture an entire 
family of SMT connectors that are precise, rugged and reliable. 


Every terminal tail uses the strongest and most 


advanced metal alloys and mechanically sound 
designs to assure the correct amount of flex 
under severe stress and thermal cycling 


oF 


conditions. Solder joint failure is thus 


reduced to zero. 


Hirose assembly and production methods produce precise axial 


alignment 
greatest 
PCB pads. 
of solder | 
and limits “SS 
repeated stress. 


of the terminals, allowing the 
possible area of contact with the 
This precision reduces the amount 
required for mechanical strength 
_ the potential for failure from 


Hirose high temperature plastic insulators are li 
sturdy and uniquely structured to easily = 


adapt to automated component place- 
ment. The need for through-hole 
support fasteners on the PCB is 
virtually eliminated. 


Even the electro-statically controlled carriers have 
received the same attention to detail. 


Each connector is cradled and 
protected from scratches, bends 
and breaks. And each flows (&€ 
smoothly from the tube using * 
conventional gravity feed. 


Probably the most unique advantage to the Hirose 
series of surface-mount connectors is availability. 
While other connector manufacturers are still 
experimenting with handmade prototypes and 

limited “‘soft-tooled”’ pre-production parts, 

Hirose is in full production and can deliver 
parts not only for your R&D but also to your 
production line. 


fag btag 


st Pe 
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_ks tO Wory, 
os ¢ &%, 
% Hirose Electric (USA) Inc. 

% 2685-C Park Center Drive 

Simi Valley, CA 93065 
Phone (805) 522-7958 


FAX (805) 522-3217 


or loading problems. 

The Fastframe consists of an L- 
shaped card cage complete with 
backplane, an 80W power supply, 
a power switch, a reset button, and 
oV/12V outputs for flying-lead con- 
nection to disk drives. The frame 
accepts as many as seven standard- 
or half-height VME- or STE-bus 
cards. | 

The ability to access more than 
one card at a time increases the de- 
bugging effectiveness when looking 
for faults such as dynamic inter- 
card communications problems. 
$1160 and $960 for versions with a 
5-slot VME bus J1 and STE bus 
backplane, respectively. 

Dage_ Precision Industries, 
46701 Fremont Blvd, Fremont, CA 
94538. Phone (415) 683-3930. 
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WORKSTATION 


The Model 1448 PC-bus factory 
workstation is housed in an enclo- 
sure that meets NEMA 4 require- 
ments to the panel level, and meets 
industrial quality standards 
throughout. It features a passive 
backplane architecture, speeds to 
20 MHz, and a 14-in. graphic dis- 
play, which functions with all stan- 
dard CGA, HDA, and EGA graph- 
ics boards. 
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Synthesizer performance... 
at a price to generate Some waves. 


©1989 Hewlett-Packard Co. TMBID904/F 


The new HP 3324A Put it to work in testing filters and high-stability frequency-reference 
Synthesized Function/ amplifiers where you need synthe- option, and a high-voltage output 
Sweep Generator. sizer accuracy, stability andsignal option for making really big waves. 


purity. Tap its high linearity and multi- To find out how low the price really 
The low price of this new generator interval sweep features for A/D con- __ is, call your local sales office today. 


is bound to generate some waves. It's verter testing and for simulating Ask for our detail-packed brochure 
much less than you'd expect to pay _ rotating signals. Phase-lock two and application information. 

for a function generator that has instruments together to calibrate 

5 ppm frequency accuracy, 9-digit phase meters and discriminators. ee ¥ 

frequency resolution and multi- - r Ap HEWLETT 

interval sweep capabilities too. And there’s more. Such as the m4 PACKARD 
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it’s Done. 


Only $9.45 


A Compact VME Slave Controller. 


PLX Technology, the VME bus inter- volume price, just fill out and mail in 


face specialists, have done it for you. the coupon below. Or call us toll free at 
Your VME slave control logic. 1-800-759-3735. 
Combined with input buffers and out- Send us your coupon before October 
put drivers all in a single 24-pin package. 31, 1989 and we'll even toss ina VME 
If you'd like to try one of these Interrupt Generator, free of charge. 


low-cost, space-saving ICs at our 


Pee a ee ae es 


Send to PLX Technology Product Marketing, 625 Clyde Avenue, Mountain View, CA 94043 


PLX, please rush me: 


O A VME-2000 Slave Controller for just $9.45. 


Packagedina: O DIPor O PLCC. MY APPLICATION 
O Payment Enclosed. O Bill me. 


O PLX Applications Cookbook with 14 ready-to-use 
bus interface circuits. COMPANY 


O New product information describing: 


Ol VME Master Controllers, Interrupt 
Generators and Interrupt Handlers. CITY STATE ZIP 


11 Programmable Bus Interface ICs. 
O Interface ICs for VSB, Micro Channel, NuBus 


and Multibus. 
a ee ee i! » Gan 


All brand names are registered trademarks of their respective companies. TECHNOLOGY > 


NAME TELEPHONE 


ADDRESS 


EDN091489 
ae Bea 
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The workstation is equipped with 
nine PC/AT connectors. It accepts 
one or two 3’-in., half-height disk 


drives, fixed and/or floppy. The 
manufacturer’s standard CPU cards 
used with the unit provide speeds 
from 10 to 20 MHz and onboard 
RAM capacity of 1M to 16M bytes. 
These CPUs are compatible with a 
variety of popular operating sys- 
tems. 

The MacroCard III optional I/O 
card provides one parallel and two 
serial ports, plus additional RAM 
capacity, graphics, and disk driv- 
ers. $7350. 

Texas Microsystems Inc, 10618 
Rockley Rd, Houston, TX 77099. 
Phone (713) 933-8050. FAX 713- 
933-1029. 
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VANE SWITCH 


The UMN6450X Hall-effect vane 
switch is housed in a rugged plastic 
package, which contains and pro- 
tects an activating magnet and all 
required sensing and signal-condi- 
tioning circuitry. The package 1s 
configured to form a channel that 
precisely defines the travel path of 
a user-supplied ferromagnetic vane. 
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Lack of physical contact between 
the vane and the switch package is 
a key feature of the UMN6450X. 
The unit is designed to operate in 
noisy environments and to tolerate 
poorly regulated supplies. The in- 
ternal Schmitt trigger provides hys- 
teresis for greater switch-point im- 
munity to electrical noise and vane 


imperfections. The on-chip regula- 
tor allows the switch to operate 
with supply values ranging from 4.5 
to 24V. 

The switch output can sink as 
much as 20 mA at a rated repetition 
rate of 100 kHz and directly inter- 
face with bipolar and MOS logic de- 
vices. The switch has a —20 to 


WE CAN GET YOU AROUND 
YOUR LIGHTING PROBLEMS. 


tead of bulk, we give you alampso 
s barely three- imensional.We _ 
can make our lamps in all kinds of sizes 
and shapes—with cutouts and holes. 
___ Instead of resistance-based technol- 
_ogy that's hot, we give you capacitance- — 


~ based technology that's very cool. Instead 


of alimited color range, we can makea 


Instead of sudden death, we give you 
lamps with useful lives exceeding 10,000 
hours in extreme environments. 
We can also provide a DC-AC inverter 
that is carefully matched to your lamp, 
es optimum performance over its 
ife. 


~ lamp in almost any color—even multicolor. 


to your lighting problemm may fe assi 
ple: as i it ina Nebel iss 


‘SYSTEMS INC. 


SETTING THE STANDARD _ _ 
A SUBSIDIARY OF LOCTITE CORPORATION _ 


tel (603) 448-3444 
FAX (603) 448-3452, TWX 710-366-0607 
Etna Rd., Lebanon, NH 03766 
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Introducing a plotter that’s half the usual 
size and weight. 

And half the price you’d expect to pay for 
electrostatic performance. 

Yet our 8500 Series gives you all the quality 
you've come to expect from Versatec. The 
leader in electrostatic technology for over 
two decades. 

And while squeezing down the size of our 
plotters, we managed to squeeze out a lot 
more performance. The plot time is drastically 
reduced because the information is processed 
by the plotter, freeing your computer for other 
projects. 

Also note that compared to pen plotters, 


the 8500 has 6 to 20 times more throughput. 
Now that’s fast. But the 8500 Series is easy 
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to handle as well. Media loading is up front. 
You simply plug in the system and it’s 
ready to plot. 

A unique user-friendly keypad takes 
anyone through the plotting process quickly, 
easily and in plain English. A built-in micro- 
floppy drive stores plotter setups and con- 
figurations on-disk. Which means no more 
time-consuming setups. 

The 8500 Series is also the first plotter 
that's literally ready-to-roll. Its built-in casters 
let you move quickly to any location for 
sharing. You can also share the 8500 through 
networking with a plot server. 

With optional features the 8500 also 
automatically cuts and winds plots. Up to 999 
copies, overnight, completely unattended 
if you want. And it’s available in both 400 and 


200 ppi resolution, in either 24" or 36" formats. 


You also get full support for 906/907 and 
HP-GL pen plotter data formats. So designers 
have the freedom to use virtually any major 
CAD package they choose. 

Incidentally, the same technology that 
reduces the size of the 8500 also makes it 
three to four times more reliable than the 
industry standard. Which means you'll have 
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XEROX 


Versatec announces drastic 
reductions on electrostatic plotters. 


& es ee os ee es ee ee 


little need for the most comprehensive service 
and support organization in the world. 
For more information on our 8500 Series, 
call our toll-free number now: 
(800) 538-6477; 


in California, “a a a | 
(800) 341-6060. 

But do it now. Because choosing any 
other electrostatic plotter could have drastic 
consequences for your budget. 


VERSATEC 


We deliver performance. 


Versatec Inc. 

2710 Walsh Avenue, Santa Clara, CA 95051 

Versatec is a trademark of Versatec Inc. Xerox is a trademark 
of Xerox Corporation. HPGL is a trademark of Hewlett-Packard. 
906/907 is a trademark of California Computer Associates. 

© 1989, Versatec Inc. 
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+85°C operating range. $2.16 
(1000). Delivery, stock to 12 weeks 
ARO. 

Sprague Semiconductor Group, 
70 Pembroke Rd, Concord, NH 
03301. Phone (603) 224-1961. 
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ENCLOSURES 


Series 33 aluminum enclosures fea- 
ture a sturdy U-shaped section, 
which also forms their base and 
sides to provide good stability. 
Slots in the base and sides directly 
accommodate a circuit board with- 
out the need for additional mount- 
ing hardware. 

Easy assembly is another feature 
of the enclosures. You use the same 
screws to fasten both the cover and 
the front/rear panels to the U- 
shaped section. Press-fitted bezels 
conceal all the screws to enhance 
cabinet appearance. 

The fully enclosed design also en- 
sures good screening. Special front 
panels provide sealing that con- 
forms to IP 54/NEMA 4 standard. 
Available accessories include a han- 
dle, slotted mounting plates for 
ventilation, card-carrier fittings for 
Eurocards measuring 100 x 160 mm 
with connectors, double Eurocard 
mounting sets, and receptacles for 
disk drives. From $35. 

Elma _ Electronics Inc, 41440 
Christy St, Fremont, CA 94538. 
Phone (415) 656-3400. 
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EXPANSION CHASSIS 


The SA-H187 is a dual-drive expan- 
sion chassis designed for applica- 
tions requiring disk drives in rug- 
ged environments. Each drive is 
shock-isolated within a removable 
drive canister for protection in 
harsh environments. 

The drive canisters include an 


ESDI or SCSI interface. The chas- 
sis 1s available in three versions: 
ESDI controller/drives, SCSI con- 
troller/drives, and SCSI controller 
supporting ESDI drives via an op- 
tional SCSI-to-ESDI adapter. 

The SA-H187 contains a front 
console with drive-power on/off 
switches and drive-status LED in- 


OUR EL LAMPS WON'T LEAVE 
YOUR PRODUCT IN THE DARK. 


ply this reliability ina wi 
lapes and colors. 
-AC inverter line is p 
__ matched to provide the optimum pc 
source for specific lamp size -geometry and 
output. 


tel (603) 448-3404 - 
_ FAX (603) 448-3452, TWX 710-366-0607 
EtnaRd.,Lebanon,NH03766 ~—e 
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dicators. The off switch position de- 
activates an interlock solenoid, 
which releases each drive canister 
so it can be removed from the chas- 
sis. The interlock also prevents re- 
moval of a canister before the drive 
spins down. 

The rack-mount chassis includes 
a shock-mounted power-supply unit 


that contains a separate power-sup- 
ply module for each drive and a 
third module for the exhaust fans. 
$4150. 

Sigma Information Systems, 
3401 E LaPalma Ave, Anaheim, 
CA 92806. Phone (714) 630-6553. 
FAX 714-630-5417. 
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CALL TODAY 
FOR YOUR 
FREE VIDEO 


», AND SOFT- 
WARE DEMO 
(408) 866-1820. 


Australia (02) 654 1873, Austria (0222) 38 76 38, Benelux +31 1858-16133, Denmark (02) 65 81 11, Finland 
90-452 1255, France (01)-69 412 801, Great Britain 0962-73 31 40, Israel (03) 48 48 32, Italy (011) 771 00 10, 
Korea (02) 784 784 1, New Zealand (09) 392-464, Portugal (01) 83 56 70, Sweden, Norway (040) 92 24 25, 
Singapore 065 743-2086, Spain (93) 217 2340, Switzerland (01) 740 41 05, Taiwan (02) 7640215, 


West Germany 08131-1687, USA FAX (408) 378-7869. 


CIRCLE NO 76 


eee 


CONTROLLERS 


Available with 3-, 3'4-, 4-, and 4% 
digit displays, SDC and SDI Series 
.P-based process controllers meas- 
ure and monitor a variety of vari- 
ables—voltage, resistance, current, 
frequency, temperature, and rpm/ 
flow rates—at a touch. All units 
have a blinker-display function for 
overrange, underrange, or burnout, 
and are housed in UL-94V-1-rated 
plastic cases. 

These smart display controllers 
operate from 115/230V power 
sources and feature digital and ana- 
log communication interfaces. The 
units generate easy-to-read 
prompts on the front-panel display 
screens. By following these 
prompts, users set high or low lim- 
its, range, time delay, and adjust- 
able differential. Because there are 
no DIP switches or potentiometers 
to adjust, no tools are required. 

The controllers’ built-in alarm re- 
lays have an adjustable differential 
(0 to 10%) and time-delay capability 
ranging to 100 sec. A simple prompt 
program, which is fingertip oper- 
able from the front of the panel, 
allows you to calibrate the control- 
lers. From $285. 

CG Instruments Corp, 434 Wind- 
sor Park Dr, Dayton, OH 45459. 
Phone (513) 434-6952. FAX 513- 
434-7643. 
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A PERSPECTIVE ON DESIGN ISSUES: 


Getting on and off | 
he bus faster 


INTHEERA OF | 


eaChip | 


TECHNOLOGIES 


A PERSPECTIVE ON BUS INTERFACE DESIGN 


— 


New bus interface ICs trom TI can 
keep your total system up to speed. 


You not only increase system throughput but cut power 
and conserve real estate at the same time. 
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NuBus VMEbus 
High-speed, low-power implementation of backplane and peripheral interfaces for most popular 
standards is made possible by TI’s comprehensive family of both digital and analog physical-layer 
hat use is a high-perfor- Superior backplane interface performance 
mance CPU if its processing power 
can’t be delivered to the backplane To maximize system throughput, is specifically designed for bus 
and outward to the peripherals? data must be able to get on and off interface applications. 
Typically, some system through- the bus quickly. Therefore, the As the name implies, TI 
put is lost at the local bus interface, backplane bus transceivers must be BiCMOS merges low-power 
some at the backplane interface, capable of high speed and high CMOS with high-speed bipolar, 
and some at the peripheral bus | drive. delivering switching speeds com- 
interface. | Our high-speed/low-power parable to advanced bipolar 
To help you minimize such losses | BiCMOS logic (SN54/74BCTXXxX) devices. You also get the 48/64-mA 
cia ecnee ees ani daa BiCMOS VERSUS ADVANCED BIPOLAR 
men 
ete echo ye (1) seine BiCMOS SPEED ADVANTAGE BiCMOS POWER ADVANTAGE 
interface and (2) peripheral bus in- — ee oS” — = eee eles) 
terface, as well as (3) controllers to 240 iia 4 240 


regulate data flow. 
These devices support the major 
industry standards listed above so 
that you can achieve system com- 
patibility regardless of the bus you 
are implementing. 


F 


The BiCMOS lead over bipolar is proven by this comparison between TI’s ’74BCT240 and a com- 
parable advanced bipolar standard device. Typical propagation delay of TI’s BICMOS part is faster 
(left) while power dissipation is less (right). 


IN. THE ERA OF MEGACHIP TECHNOLOGIES 


TI’s MegaChip™ Technologies are the means by which we can help you and your 
company get to market faster with better, more competitive products. Our 
emphasis on volume manufacturing of high-density circuits is the catalyst 
for ongoing advances in how we design, process, and manufacture 
semiconductors and in how we serve our customers. 


PERIPHERAL 
BUS 


ICs. To complete the implementation, TI offers a series of innovative standard and ASIC control 
devices. Use of TI’s leadership bus interface devices can help shorten system design cycles. 


drive current you need, and total 
system power savings can be as 
high as 25% (see charts). 

There are more than 60 mem- 
bers in our BiCMOS family, includ- 
ing 8-, 9-, and 10-bit latches, buf- 
fers, drivers, and transceivers. The 
family is also available in military 
versions. 

Our family of octal ECL trans- 
lators (SNLOKHT/100KTXXXX) 
delivers a low-power, high-speed 
translator solution with 48 mA of 


drive capability on the TTL side. 
Our high-speed Futurebus 
transceiver family (SN55/75ALS- 
05X) includes quad and octal 
devices compatible with Futurebus 
implementations of the IEEE 896.1 
standard. With a drive capability of 
100 mA, a 5-ns (typ) propagation 
delay, and a supply current of 
65 mA (max), our SN75ALS053 
has the best speed/power ratio of 
any Futurebus transceiver on the 
market today. m 


High-performance peripheral interfaces 


Peripheral bus interface design 
decisions revolve around trade-offs 
between line length, data rate, and 
noise immunity. 

Where data rates are low and 


line lengths are short, as with the 
popular RS-232-C/D standard, the 
major concern is power savings. 
However, relatively high voltages 
(30 V) prevent the use of standard 


CMOS devices. Your answer lies 
with TI’s Linear BICMOS family. 

Included are low-power versions 
of industry-standard quad drivers 
and receivers (SN75C188/89). 
Driver/receiver combinations, rang- 
ing from single to quad combina- 
tions (SN75C1154), substantially 
cut package count. 

This BiCMOS technology will 
also allow us to provide charge 
pump circuitry for single 5-V — 
operation. 

Where data rates are high and 
line lengths are long, as the newer 
peripherals demand, noise can be- 
come a major problem. It is over- 
come by the use of differential 
drive. Typically, the major applica- 
tion requirement is higher speeds 
at, ideally, lower power. 

For example, disk drives using 
ESDI, IPI, or SCSI interfaces will 
benefit from TT’s SN75ALS17X 
devices conforming to RS-422-A 
and/or RS-485 standards. These 
chips are fabricated using our 
unique IMPACT™ processing that 
delivers up to 50% greater speed 
compared to competing products 
with as much as a 30% power 
reduction. 

IMPACT processing is also 
behind the unmatched speed of our 
SN75AS030 RS-422 dual driver/ 
receiver. Typical propagation delays 
are only 6 ns. 


No matter which of TI’s innova- 
tive devices you choose to improve 
speed, cut power, and reduce real 
estate at the media interface, the 
complete bus interface requires 
another element — controllers. 


For details on how T] is addressing 


your needs in this area, turn the page. 
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A PERSPECTIVE ON BUS INTERFACE DESIGN 


High-performance controllers 


make system design easier. 


While the majority of physical- 
layer devices—those used to 
implement backplane and 
peripheral interfaces—transmit 
data, your system design also 
requires a device to regulate the 
flow of that data through the bus 
interface. To do the job, TI offers a 
series of controllers that simplify 
and shorten your task while cutting 
chip count and improving overall 
system throughput. 


Simplified NuBus design 


TI has taken much of the work out 
of NuBus™ design by introducing 
the industry’s first standard NuBus 
interface devices. They are the 


SN74ACT2440 NuBus Controller 
and the SN74BCT2420 NuBus 
Registered Transceiver. 

A typical implementation, using 
two 16-bit transceivers and one 32- 
bit controller (see below), replaces 
as many as 45 discrete devices. 
Compared to a discrete approach, 
this solution uses 60% less board 
space and 90% less power. 

Because the necessary logic is 
embedded within the controller, 
design cycle time is reduced 
significantly. 


A low-power UART 


There is now more need than ever 
for low-power RS-232 interfaces. 
Our TL16C450 Universal Asyn- 
chronous Receiver/Transceiver 
(UART), made with CMOS 
process technology, is an excellent 
choice for desktop applications and 
is especially suited for use in lap- 
top/battery-powered units. 


A flexible SCSI controller 


Available soon, our SCSI control- 
ler (designed to conform to ANSI 
X3.131-1986 specifications) will 
deliver data rates of 3 Mbytes/s 
(asynchronous) and 5 Mbytes/s 
(synchronous). 

Unique byte-stacking control 
logic will allow interface to 16, 24-, 
and 32-bit buses. The TI controller 
will also provide powerful multi- 
phase SCSI commands, including 
automatic handling of save-data 
pointer to minimize interrupts to 
the host processor. Dual 32-byte 
FIFOs will provide smooth, effi- 
cient buffering between processor 


and DMA ports. 


Customized controllers, too 
The NuBus and UART controllers 


Tl’s 32-bit NuBus Interface Solution 


NuBus 
TRANSCEIVERS 


ADO-AD 31 


ADDRESS LINES 0-31 


DATA LINES 0-31 


CONTROL 


IDENTIFICATION LINES 0-3 


CLOCK/CONTROL 


Major space savings are realized by using one TI SN74ACT2440 controller and two SN74BCT 2420 


saa ©STATUS 
uBus 
CONTROLLER 


transceivers to complete a full 32-bit NuBus master/slave interface. As many as 45 discrete logic 


devices are replaced, realizing significant reductions in board space, power consumption, and design 
cycle time. 


are available as part of our ASIC 
standard-cell library. 

In addition, TI offers TGC100 
Gate Arrays and TSC500 Standard 
Cells as part of our ASIC family 
which allows you to build the 
precise chip functions you need. m 


System complexity — 
and the future 


As systems become more and more 
complex, the need will emerge for 
combining the functionality of con- 
trollers and physical-layer devices 
ona single chip. To that end, TT is 
applying its acknowledged exper- 
tise in physical-layer devices to the 
design and development of such 
advanced control-level ICs. 

System complexity also brings 
with it the need for simulation 
models to make design easier and 
faster. As a result, we already have 
simulation models available for 
more than 1,300 TI devices, includ- 
ing BiCMOS bus interface and 
ACL logic devices. 

Another issue is the increasing 
difficulty and expense of testing 
boards in complex systems. Conse- 
quently, TI supports the JTAG/ 
IEEE P1149.1 standard with the 
development of standard products 
and ASICs having on-chip test 
cells, as well as with development 
support software and device models 
on several leading workstations. m 


Please call 1-800-232-3200, 
ext. 3905, for your copy of our 
Bus Interface Devices brochure. 


Or write Texas Instruments 
Incorporated, Dept. SSY25, 
P.O. Box 809066, Dallas, Texas 
75380-9066. 


™ MegaChip, IMPACT, and NuBus are 
trademarks of Texas Instruments Incorporated. 
VAX is a trademark of Digital Equipment 
Corporation. 


© 1989 TI 08-8444 
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PRODUCT UPDATE 


386-based CPU and controller boards 
form core for extended STD Bus systems 


The 8-bit STD Bus is widely used 
in applications for medical equip- 
ment and image recognition in in- 
dustrial environments. However, 
systems are becoming more sophis- 
ticated, and the bus is running out 
of computational and processing 
power. System manufacturers are 
in a dilemma: They can go to a 
wider bus, such as Nubus or Fu- 
turebus, but they then give up their 
STD Bus experience and hardware 
and software. In addition, the small 
size of the STD card, 4.56.5 in., 
and the fact that it’s supported on 
three sides makes the STD Bus card 
well suited for an industrial envi- 
ronment. 

Ziatech Corp recently proposed 
the STD 32 Bus, a 32-bit version 
of the STD Bus that allows full, 
nonmultiplexed 32-bit-wide data 
and address transfers, while main- 
taining compatibility with old 8-bit 
boards. The company proposes that 


a second row of connector pads be. 


added between the relatively 
widely spaced existing row of pads. 

This technique is similar to that 
used by the EISA bus, the 32-bit 
extension to the 16-bit IBM PC/AT 
bus. The bus takes advantage of the 
connector technology developed for 
the EISA bus (Fig 1) by companies 
such as Burndy Corp (Norwalk, 
CT). Note that the smaller pads can 
carry less current than the larger 
lower pads. The lower pads can 
carry 3A, and the smaller pads 
carry 1.5A. However, there are 
double the number of 5V pads pre- 
sent on the upper row for carrying 
power and more than double the 
number of ground pads. 

The company’s first product for 
the new bus, the ZT 8910, is a 2- 
board CPU that serves as a transi- 
tion product between the old 8-bit 
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bus and the 32-bit extended bus. 
The STD 32 Bus has an 8-, 16-, and 
32-bit mode; the ZT 8910 automati- 
cally senses whether it’s plugged 
into the 8-bit STD Bus or the 32-bit 
STD 32 Bus and configures itself 
for an 8- or 16-bit mode. So you can 
do all of your software and hard- 
ware development on the existing 
8-bit STD Bus and then move your 
boards to the STD 32 when it be- 
comes available in mid-1990. 


ON SECOND 
BOARD: 


CONNER 
PERIPHERAL 
HARD-DISK 
INTERFACE 


WATCHDOG 
TIMER EPROMs 


SPEAKER 


KEYBOARD CONTROLLER 


The board has a 16-MHz 386SX 
processor and uses the Chips and 
Technologies (San Jose, CA) IBM 
PC/AT-compatible chip set. (The 
386SX is a 16-bit version of the 
80386.) The ZT 8910 will run on the 
STD 32 in the bus’s 16-bit mode; 
the bus also has an 8-bit as well as 
a 32-bit mode. The board’s features 
include 1M, 2M, or 4M bytes of dy- 
namic RAM, 382k bytes of battery- 
backed RAM, a 887SX numeric 


RS 232C/485 
IBM PC/AT- PORTS 
COMPATIBLE 
CHIP SET 


AND 
PRINTER 
PORT 


80387SX 
SOCKET 


16-MHz 
80386SX 


REAL-TIME 


CLOCKS 


Compatible with both the 8-bit STD Bus and the 32-bit STD 32 Bus, the ZT 8910 provides 
a growth path between the two buses. The larger lower pads are the original STD Bus pads, 
and the smaller upper pads carry the additional STD 32 Bus signals. 
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iN HALE @ We've brought together two 


proven technologies: multilayer printed circuit hard- 
boards and Sculptured® flexible circuits. The result? 
A highly reliable and cost effective alternative to 
flex-rigid for your high density applications. 

Our Modular Flex assemblies offer you these 
advantages over standard flex-rigid: 

¢ lower unit cost ¢ easy to assemble 

® easy to repair e lighter weight 

e greater flexibility e greater reliability 

Want the details? Call or write: 


Advanced Circuit 
ACN Technology 


118 Northeastern Boulevard 
P.O. Box 547X 

Nashua, NH 03061 
1-603-880-6000 
1-800-234-FLEX 


Printed 
Circuit Board 


CIRCLE NO 82 


AUDIO MIX 


 -2-audio nputs. . software controlled.. p 
Anything you can sing, say or play the VP635 Audio 
Processor can record or playback. ..20Hz to 7kHz. 

Be creative. Mix inputs. Attenuate background music 

...mix with digitized voice...output either or both as 
: full fidelity audio. For digital broadcasting, film editing, 
personal service terminals and other interactive video 
applications. 

Technically, 10-bit, 16K sampled audio inputs are 
compressed to 4-bits ADPCM digital data for hard disk 
recording on your PC/XT/AT/386 or compatible. 

Call 1-800-338-4231 (ex. CA) for VP635 facts...the 
digital audio board your PC can talk and sing about. 


ANTEX 
ELECTRONICS 


16100 S. Figueroa St. « Gardena, CA 90248 » (213) 532-3092 * FAX (213) 532-8509 
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UPDATE 


coprocessor socket, a user DMA 
channel, two serial communications 
ports, a printer port, a keyboard, 
a Conner Peripheral (San Jose, CA) 
hard-disk controller, three 16-bit 
counter/timers, three interrupt con- 
trollers (one cascadable), and a 2- 
stage watchdog timer. (A 1-stage 
watchdog timer forces an uncondi- 
tional CPU reset; a 2-stage watch- 
dog timer forces a Jump in software 
to a recovery subroutine as a first 
stage and performs a CPU rest only 
if the first-stage subroutine com- 
mands it.) 

In addition to the CPU, Ziatech 
is introducing the ZT 8980 VGA and 
keyboard interface, and the ZT 
8950 high-density floppy-disk con- 
troller. The ZT 8980 is based on the 
Paradise VGA chip. When used in 
an STD 32 system, the 8980 per- 
forms 16-bit video data transfers. 
The ZT-8950, based on the Intel 
82077 floppy-disk controller, sup- 
ports both 3’ and 5'%-in. disk 
drives. 

The ZT 8910 will cost approxi- 
mately $2700, the price of the ZT 
8980 will be $700, and the ZT 8950 
will cost $350. All three units will 
be available in the first quarter of 
1990.—Margery Conner 

Ziatech Corp, 3438 Roberto Ct, 
San Luis Obispo, CA 93401. Phone 
(805) 541-0488. FAX 805-541-5088. 
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1986-1988 Parrin 


NotBadForA ins 
Five Year Old. 


We're showing you our rapid rise into high-speed, high- 
density SRAMS to dramatize one singular point: Sony’ serious 
commitment to your SRAM needs. 


SONY HIGH-SPEED, HIGH-DENSITY SRAMS. 


MODEL CONFIG- SPEED(ns) PACKAGE 
URATION 


__ Major SRAM investment. Answering your demands for CXK5863P 8Kx8 | 25/30/35 | DIP 300mil 
higher speeds, we've beefed-up our SRAM engineering, design CXK5863M 8K x8 | 25/30/35 | SOP 450 mil 
and production capabilities. Dramatically. CXK5863J 8K x8 | 25/30/35 | SOJ 300 mil 


Already, were producing 16K x 4-bit models at 25, 30 and 35 
ns. 32K x 8-bit models at 35 and 45 ns. 64K x 4-bit models at 
35,45 and 55 ns. And 256K x Lbit models at 35, 45 and 55 ns. 

In a range of DIP SOP and SOJ packages. 

0.8-micron CMOS technology: The best is yet to come. 
Soon we'll debut all new SRAMs based on our 0.8-micron CMOS 
technology. With even higher speeds and densities. /n combina- 
tions never before available. 

Sony SRAMs are shipping now. And they're available at 
very competitive prices. Backed by the reliability and responsive 
service you expect from any Sony product. 

Be a part of our success story. When youre considering 
high-speed, high-density SRAMs, first consider this: Sony's SRAM 
success story has only just begun. 

For full details, call (714) 229-4197 today. Or write Sony 
Corporation of America, Component Products Division, 10833 
Valley View St., Cypress, Califor- 


nia 90630, Attn: Semiconductor 
sales. FAX (714) 229-4271. — O N YY. 


Sony is a registered trademark of Sony Corporation. 


CXK95464AP 
CXK9464AJ 


CXK5465P* 
CXK5465u* 


16K x4 | 25/30/35 | DIP 300 mil 
16K x4 | 25/30/35 | SOJ 300 mil 
16K x4 | 25/30/35 | DIP 300 mil 
16K x4 | 25/30/35 | SOJ 300 mil 
64K x1 | 25/30/35 | DIP 300 mil 
64K x1 |. 25/30/35 | SOJ 300 mil 
8K x9 | 25/30/35 | DIP 300 mil 
8K x9 | 25/30/35 | SOJ 300 mil 
32K x 8 25/30 DIP 300 mil 
32K x 8 29/30 SOJ 300 mil 
32K x 8 35/45 DIP 600 mil 
32K x8 35/45 DIP 300 mil 
64K x4 | 35/45/55 | DIP 300 mil 


CXK951256P 206K X1 | 30/45/50 | DIP 300 mil 
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CXKS164P 
CXK95164J 


CXK95971P 
CXKO971J 


CXK98258AP 
CXK58258AJ 


CXK958258P 
CXK98258SP 


CXK94256P 
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PRODUCT UPDATE 


Scan-test module converts ASIC verifier 
into industry-standard verification tool 


The Scan-Test Module is a plug-in 
board for the Logic Master XL that 
allows you to verify your ASIC us- 
‘ing both parallel-vector testing and 
serial scan-mode evaluation. The 
board, which adds $33,000 to the 
Logic Master XL’s starting price of 
$55,000, uses the XL’s pin electron- 
ics and includes four high-perform- 
ance drivers per board. The board 
ean store 1 million sequences of 4- 
bit data per driver, configured to 
represent whether to drive the 
ASIC pin high or low, whether to 
sense a high or a low from the ASIC 
pin, whether the pin is 3-stated or 
masked, and whether the data 
should be acquired. You can stack 
the memory to achieve memory 
depths of 2 million sequences with 
2 channels or 4 million sequences 
with 1 channel. 

If you want to use parallel vec- 
tors to set up certain test condi- 
tions, you can toggle between paral- 
lel and serial execution. You can 
switch without any software over- 
head unless you use different clock 
speeds for parallel and serial data, 
or you use some pins in both parallel 
and serial modes, or your patterns 
contain loops. 

The integration of the Scan-Test 
Module into the Logic Master XL 
lets you move between scan, func- 
tional, and parametric verification 
of your ASICs at speeds as high as 
60 MHz. The module supports a su- 
perset of the Joint Test Action 
Group’s (JTAG) proposed scan-test 
specification, which is being consid- 
ered by the IEEE as P1149. Other 
scan implementations supported in- 
clude scan path, scan set, random- 
access scan, boundary scan, and 
level-sensitive scan. 

For test methodologies where 
you need more than the four serial 
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channels, you can add more scan- 
test modules to the Logic Master 
XL; it accepts as many as seven, 
giving you as many as 28 channels 
of 1-million-sequence-deep memory. 
Software included with the Scan- 
Test Module lets you reconfigure 
the module’s memory, trading chan- 
nels for memory depth. The soft- 
ware also formats the on-screen dis- 
play of your scan input and output 
data. You can specify that the data 
be displayed as unformatted, raw 
data; as error-only scan frames; or 
as user-definable groups of bits. Ad- 
ditionally, you can use patterns 
generated by simulators from Gate- 
way Design Automation (Lowell, 
MA) and Teradyne EDA (Santa 
Clara, CA) for your ASIC verifica- 
tion.—Michael C Markowitz 
Integrated Measurement Systems 
Inc, 9525 SW Gemini Dr, Beaver- 
ton, OR 97005. Phone (503) 626- 
7117. FAX 503-644-6969. 
Circle No 731 


Software with the Scan-Test Module lets 
you control the screen display. One display 
mode highlights all errors from a verification 
run to help you debug your ASICs. 
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NVG COMPATIBILITY FROM 
THE PILOT'S POINT OF VIEW 


Day or night, pilots see exactly the Even in direct sunlight, pilots see sharp, 
information they need with Korrys new high-contrast legends of green, yellow, 
NVG-compatible switchlights and pan- and red, through ANVIS or Cat's Eyes 
els. Clearly and comfortably, without hot goggles. 
spots or light leaks. All thanks to the Look at NVG-compatible switchlights 
most uniform brightness— and the and panels from the pilot’ point of view. 
truest red—in the entire industry. We think you'll agree on Korry, today 

Today, Korry NVG-compatible switch- _ the leader in NVG— and for over fifty 
lights are being used by pilots flying the years the leader in all customized illumi- 
Black Hawk HH-6OH, the worlds first nated cockpit information and control 
production-version MIL-L 85762- systems. Call (206) 281-3563 today for 
compliant Helicopter Combat System. additional a. . 

information. sata 
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PRODUCT UPDATE 


Single-slot STD Bus module 
replicates IBM PC/XT 


The CPU-XT single-slot STD Bus 
module includes all the functions 
typically found inside an IBM PC/ 
XT computer except disk drives 
and a power supply. The module 
can host an Intel 8088 or NEC V20 
uP at clock speeds as fast as 9.54 
MHz. The module measures 6.5 x 
4.5X1 in. 

Several companies supply STD 
Bus products that offer IBM PC 
compatibility. The CPU-XT, how- 
ever, replicates the entire IBM PC/ 
XT on a single STD Bus card. The 
card includes the wP, 128k bytes 
of EPROM, 256k to 640k bytes of 
RAM, a _ keyboard interface, a 
timer, and a battery-backed clock 
calendar. Furthermore, the product 
includes a standard floppy/Winches- 
ter disk controller and a graphics 
controller. 
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The onboard disk controller can 
interface to two floppy and two 
Winchester disk drives. The on- 
board graphics controller offers 
compatibility with monochrome, 
IBM CGA, plasma, and LCD dis- 
plays. The STD Bus module also in- 
cludes serial and parallel ports. 

Target markets for the module 
include applications in OEM enclo- 
sures and rugged industrial applica- 
tions. You can use the module in a 
ROM-based embedded application 
or with disk drives. The module can 
address all STD Bus I/O devices and 
as much as 64k bytes of STD Bus 
memory. The CPU-XT costs 
$995.—Maury Wright 

Computer Dynamics, 107 S Main 
St, Greer, SC 29650. Phone (803) 
877-8700. 

Circle No 730 
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A completely PC/XT-compatible module in a single STD Bus card, including disk and 
graphics controller, sets the CPU-XT apart from other STD Bus products that offer compati- 


bility with IBM Personal Computers. 
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SUNRISE ELECTRONICS. INC. 


A WHOLE NEW WAY TO 
PROGRAM EPROMs, 
PLDs, and MCUs 


In-circuit Programming lets you 
program your EPROMs after they have 
been installed in your circuit card. It is 
the most efficient and most reliable way 
to program. It simplifies your 
manufacturing process and reduces your 
documentation. It also eliminates sockets, 
labeling and insertion related failures. 

Our programmers can program 
multiple data files into different cards 
simultaneously. In addition we test the 
cards automatically after they are 
programmed. 

Best of all, we do all the work for you. 
Sunrise in-circuit programmers can be 
delivered as complete turnkey systems, 
or you can develop your own interface 
using the built-in self guided menu driven 
software. 


T-8000 HIGH VOLUME 
IN-CIRCUIT PROGRAMMER 


@ Program 48 or more cards at a time 

@ 40 MB hard disk, dual floppy drives 

@ 660 Watts of programming power 

@ MS-DOS compatible 

T-6000 
BRIEF CASE 
PORTABLE 
IN-CIRCUIT 
PROGRAM- 
MER 


@ Optional lift out UV board size eraser 

@ Program several boards in one pass 

@ 3.5 inch, 1.2 MB floppy 

@ Rugged, shock mounted case, water 
tight 


T-5000 TRANSPORTABLE 
MS-DOS BASED IN-CIRCUIT 
PROGRAMMER 

@ Program several boards in one pass 


@ 20 MB hard disk, 3.5 inch floppy 
@ Rugged, shock mounted construction 


T-4000 LOW COST» 
IN-CIRCUIT PROGRAMMER 


@ Customer supplies iBM AT or 
compatible 

@ Program whole circuit cards in one 
pass 

@ Supplied turnkey or develop your own 
interface using built-in self guided, 
menu driven software 


See our complete line of Universal 
and Gang programmers 


SUNRISE ELECTRONICS, INC. 
524 S. Vermont Ave., Glendora, CA 91740 


(818) 914-1926 


FAX (818) 914-1583 
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In 1979, Margaret Thatcher In 1980, Ronald Reagan In 1981, Sandra Day In 1982, Yuri Andropov In 1983 Lech Walesa of 
is voted in as Prime is elected President ofthe O'Connor is the lst woman __ is elected as the leader Poland wins the Nobel 
Minister of Great Britain... United States... on the Supreme Court... of the USSR... Peace Prize... 


ai ny ! é ¢ 4 : me 24 > 
and EDN is voted #1 in and EDN presides as #1 in and EDN is first in and EDN leads as #1 in and EDN wins the #1 
readership. readership. readership. readership. prize in readership. 


All Around The World, They Come; And They Gc 
There Has Been Only One Leader Since 1978... EDI 


Winning one study doesn't make Announcing 7 new EDN independen 
history. But winning 84% of 177 indepen- 


dent readership studies since 1978 makes EDN oa 
P Zenith Electronics 
a first class world leader. That's more wins Sprague Semiconductor 


than the rest of the electronics publications a Semiconductor 
combined. Apex Technology 
Sipex Corporation 
CUMULATIVE WINS id Kyocera Northwest, Inc. 
% of Readership/Reader Preference Wins” 1978-1989 (to date) 
BO fs a 
| | 0 " . 
Be oe et ' 177 studies/256 questions 
Electronic Products Re es ee 4% Percentages add to more than 100% due to ties 
Electronic Engineering Times . . 2% 
ROC HOMICS. fe ee Sa 8% 
BICCTONIC NEWS: es eS 8% 


“Independent studies are conducted across customer/prospects lists or TIDS lists, not across.a magazine's or newspaper's own list, which results in obvious bias. ** Results based on the question 


984, Ronald Reagan 
2-elected #1 in a 
dslide... 


In 1985, Mikhail Gorbachev 
is elected as the leader 
of the USSR... 


wi & | Ma 
| EDN is re-elected #1 and EDN is elected the 
readership landslide. leader in readership. 


readership. 


In 1986, Corazon Aquino 
is chosen as the President 
of the Philippines... 


and EDN is chosen as #1 in and EDN wins another year and EDN holds the #1 spot 


In 1987, Margaret Thatcher In 1988, George Bush is 
wins a third term elected to highest office 
as Prime Minister... in the United States... 


as the leader in readership. in readership. 


ut In The World Of Covering Electronics Technology, 
nd EDN‘s Leadership In Readership Reign Continues. 


adership/reader preference study wins: 


Electronic 
News 


6 NOT INCL. 
3 NOT INCL. 
2 NOT INCL. 
3 6 

4 NOT INCL. 
: 
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Electronic 
Proaucts 


-lectronic 
Design 
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NOT INCL. 
9 


NOT INCL. 
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84% 


you would like to see the complete record of EDN's readership 
ins, contact your local sales representative. EDN will send you 
six-foot long brochure that proves history repeats itself. 


ch of these publications do you read regularly (3 out of 4 issues)?” in each study. 


And only a leader dares to offer $1000 
to anyone who can disprove its claim to reader- 
ship. No other electronic engineering magazine 
or newspaper in the US or throughout the 
world has won more independent readership/ 
reader preference studies than EDN. 


Magazine 
Edition 


News 
Edition 


A Partnership in 
Power & Prestige 
Worldwide 


The Casio fx-7000G $89.95. It’s the 
world's first programmable scientific 
calculator with a graphic display. It can 
give form to your figures, instantly draw- 
ing graphs that depict your formulas 
and calculations. 

With a screen 
measuring 16 charac- 
ters by 8 lines, the 
fx-7000G can display 
enough information 
for some of your big- 
gest ideas. And you 
can store graphs and 
formulas, then bring 
them back for an 
instant replay. 
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With its 422 step memory and 193 
functions—including linear regression, 
standard deviation and computer 
math—the fx-7000G lets you perform 

computer functions, without acquiring 
computer knowledge or incurring 
computer costs. 

For additional capa- 
bilities, there’s the 
fx-7500G ($109.95). It 
has a larger memory 
capacity, with 195 

functions, 4,006 mem- 
ory steps, instant graph 
enlargement or reduction 
=——emmme feature, plus a convenient 
mwa = orizontal folding format. 


Graphic proof 
of high-tech leadership. 
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If you need even more power, 
our fx-8000G ($119.95) techs you 
even higher, with 1,446 memory 
steps and 225 functions. And when 
hooked up with our optional FA-80 
interface, it works with most parallel 
dot matrix printers or plotters in- 
cluding Casio’s own models. 

If you have any doubts as to 
whos the leader in high-tech calcu- 
lators, just pick up an fx-7000G, 
fx-7500G or fx-8000G and draw 
your Own conclusions. 


CASIO. 


Where miracles never cease 
CIRCLE NO 137 


Casio, Inc. Consumer Products Division: 570 Mt. Pleasant Avenue, Dover, NJ 07801 
Casio Canada Ltd., 2100 Ellesmere Road, Suite 240, Scarborough, Ontario M1H3B7 


Smart Drivers for Industrial 
applications. 


The intelligent 
for micro-controllers. 


To manufacturers of automotive electronics and 
industrial controllers, Ericsson Components offers & PBD 3548/1 (High-side switch) 
this latest range of compact, cost-effective, 
rugged Smart Drivers. 


Ericsson PBD 3545/1 (Low-side switch) 


* Efficient short-circuit protection. 


Full protection against short circuits and * Up to 2A continuous drive current. 
over-temperatures, plus open-circuit detection * Up to 45V supply voltage. 

and error reporting in microprocessor language. * Built-in situation-monitoring/ERROR— 
Ideal for driving Solenoids, Valves, Actuators + reporting... . 

and inductive loads of all kinds. * Built-in protection diodes for 
Ericsson's experience, plus high-quality design inductive loads. : 

and manufacturing, gives you intelligent, hard- * TTL/CMOS compatible logic input. 
working devices, built to operate in the most * Operating range —40°C to +85°C. 
severe industrial and automotive environments. * Reliable, cost-effective Bipolar 

Don't let your controllers leave home without one. Design. 


Contact us for more information. 


ERICSSON 2 


Ericsson Components AB 
S-164 81 Kista—Stockholm, Sweden 
Witodiutdiend Telephone +46 8 757 5000 


bine uo lac Telefax +46 8 752 6034 135 


EDN SPECIAL REPORT 


Though not flashy, separate signal-condi- 
tioning modules provide you with an effec- 
tive method of data collection. (Photo cour- 
tesy Beckman Industrial Corp) 


A wide variety of products can manipulate signals such as 
transducer outputs, safely and conveniently preparing them for 
collection and processing by computer-based 
data-acquisition systems. 


Dan Strassberg, Associate Editor 


hether your application is automatic test, 
factory automation, process control, or in- 
strumenting a laboratory experiment, if 
you are dealing with transducer outputs, sensing the 
status of contacts carrying high voltages, or even sup- 
plying signals to actuators such as valve positioners, 
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you can’t avoid signal conditioning. Signal conditioning 
means performing such operations as buffering, ampli- 
fying, attenuating, isolating, and linearizing the 
transducer signals (see box, “Transducers—the variety 
is endless”). 

There are many ways to include the signal-condition- 
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ing function in your system. If you have the expertise 
and can justify the effort, you can design the circuits 
yourself. Alternatively, you can select products from 
a list of categories that includes the following: 

® Transducers with built-in signal conditioning— 

possibly ones with digital outputs 

® Process-variable transmitters 

® Data loggers (which generally allow you to in- 

clude proprietary signal-conditioning modules) 

® Indicating instruments that incorporate signal 

conditioning—including certain digital panel me- 
ters 

® Remote input/output subsystems. 

Another technique—the focus of this survey—is the 
use of separate signal-conditioning modules. Such cir- 
cuit modules, many of which are listed in Table 1, 
have been steadily gaining favor over the past decade. 
These units, mounted singly or in groups close to the 
transducers, can have analog or digital system inter- 
faces. At present, analog interfaces still predominate, 
except, of course, where the data is inherently digital 
(for example, when a conditioner monitors the status 
of a relay contact). 

Historically, signal conditioning has been a low-pro- 
file business. It was, and to a major extent still is, 
populated by a large number of fairly small companies 
that target their products to narrowly defined market 
niches. Indeed, some products in this survey are niche 
products. However, the entry of larger companies, 
such as Analog Devices (ADI), enabled many signal- 
conditioner users to obtain all the products they needed 
from a single source. 

Now, ADI’s historic archrival, Burr-Brown, has en- 
tered the fray by developing its own line of signal 
conditioners that includes units that are pin-compatible 
with ADI’s 5B series. Meanwhile, ADI has not been 
resting on its laurels. It has introduced the 6B series 
of digital-output signal conditioners. These units store 
configuration data in nonvolatile memory and produce 
RS-422/RS-485-compatible outputs. The firm is also 
about to begin offering the 7B series—units that are 
smaller than the 5Bs, utilize a higher supply voltage, 
and satisfy many requirements in process instrumenta- 
tion. 


Filters appear in signal-conditioner garb 
Meanwhile, the success of the 5B series has encour- 
aged at least one company to offer products that com- 
plement rather than compete with those supplied by 
ADI, Burr-Brown, and others. Frequency Devices, a 
vendor of active filters, recently announced 9-pole 
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Bessel and Butterworth lowpass antialiasing filters in 
the 5B form factor. The availability of these filters— 
which offer cutoff frequencies from 1 to 50 kHz—en- 
hances a system designer’s ability to use 5B-style signal 
conditioners for processing dynamic data, for example, 
in analysis of acoustic and mechanical systems. 

Don’t get the impression, though, that all the news 
in signal conditioning is being made by Analog Devices, 
Burr-Brown, and companies that employ their packag- 
ing approaches. Vendors large and small have been 
making innovations as well. Within the past year, 
Beckman Industrial Corp, an affiliate of diversified cor- 
porate giant Emerson Electric, introduced the 8000 
series, a signal-conditioning line which, besides offering 
technical innovations, takes advantage of a distribution 
method that is unusual in this product area—the prod- 


Though similar in appearance to many vendors’ 
signal-conditioner families, these modules from 
Measurement Technology are compatible only at 
the manifold level because their pinout and insu- 
lated hold-down mechanism are designed to let 
you Safely plug and unplug them without removing 
power or high common-mode-voltage signals. 
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Signal conditioners, mounted singly or in 
groups close to the transducers, can have 
analog or digital system interfaces. 


ucts are available through Beckman Industrial’s dis- 
tributors. Heretofore, signal-conditioning vendors 
have generally shied away from selling through dis- 
tributors because the large number of variations within 
a model type could create an inventory nightmare for 
resellers. By internally modularizing the products and 
simplifying the configuration process, Beckman Indus- 
trial feels that it has licked the inventory problem. 
Though you might think of the internal modularity 
of Beckman Industrial’s signal conditioners as strictly 
a packaging issue that has little technical significance, 
it is but one of a number of packaging-related subjects 
that are quite important in the signal-conditioning busi- 
ness. For example, most of the signal conditioners dis- 
cussed here differ from process-variable transmitters 
in the degree of environmental hardening inherent in 


their packaging. Signal conditioners’ electrical design 
permits them to withstand many of the rigors of a 
factory environment, but unlike transmitters, signal 
conditioners are not enclosed in explosion-proof, or 
even drip-proof, housings. 


Views on encapsulation differ 


A unit’s enclosure can tell you not only about the 
intended application but often also about the designer’s 
philosophy, and maybe something about the vendor’s 
history. Packages range from open cards that plug 
into rack adapters, to units that resemble electrome- 
chanical relays and plug into relay sockets, to small, 
enclosed modules—both encapsulated and unencapsu- 
lated. Some of these units require no sockets; they 
have screw terminals on them that accept the “field 


_ Transducers—the variety is almost endless 


— In the process industries, the 


most common physical quantities 
that signal conditioners monitor 
are temperature, pressure, flow, 


and liquid level. In automatic test 
_ systems in electronics, tempera- 
- ture measurement is also com- 
mon, but the range of signals and 
_ transducer types is much wider. 
_ A full treatment of transducers 
and their most important charac- 


teristics is clearly beyond the 


scope of a single magazine article, 


but a brief discussion of the op- 


eration of a few of the most com- 
mon types is appropriate. (A 


good place to gather detailed in- 


formation about transducers is in 


Sensors Magazine and Buyers’ 


_ Guide (Peterborough, NH).) 
__ Thermocouples are the most _ 
~ common sensors. Their output 
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voltages are typically a few milli- 
volts and they require cold-junc- 
tion compensation to correct for 

variations in the signal condi- 


tioner’s temperature. Thermocou- | 


ples’ response to temperature 
variations is somewhat nonlinear. 


Some signal conditioners correct 
for the nonlinearity; others leave 
that task for software running on 
the computer that controls the 
data-acquisition system. 
Thermocouples are physically 
frail and are subject to wire 
breakage or breakage at the point 
where the two dissimilar metals 
that comprise the couple are 
welded together. As a conse- 
quence, most thermocouple sig- 
nal conditioners are designed to 
sense an open input and to pro- 
duce an end-scale output under 
open-input conditions. If you are 
using the conditioned thermocou- 
ple output as an input to a control 
system, you probably want to be 
able to select whether the signal 
conditioner treats an open input 
as a positive or a negative full- 
scale signal. Most thermocouple 
signal conditioners let you make 
this choice. Despite their short- 
comings, thermocouples remain 
popular because of their simplic- 
ity, small size, and low cost, and 
because they require no excita- 


tion voltage. 

Resistance-temperature detec- 
tors (RTDs) are another popular 
type of temperature transducer. 
As their name suggests, RTDs 
take advantage of the tempera- 
ture-dependent resistance vari- 
ation of a metal—usually plati- 
num. Signal conditioners often 
measure an RTD’s resistance by 
placing the device in a bridge cir- 
cuit or by forcing a constant cur- 
rent through it and measuring 
the voltage across it. RTDs | 
therefore require excitation. 

Another common type of 
transducer is the strain gauge. 
Like RTDs, strain gauges take 
advantage of the resistance 
change of metal, except that in 
strain gauges the change occurs 
because of elongation or strain 
rather than because of a tempera- 
ture change. Strain gauges are 
usually connected in bridge cir- 
cuits and hence, like RTDs, re- 
quire excitation. 

Strain gauges form the heart 
of several types of transducers. 
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wiring” to and from the data-acquisition system and 
the transducers. You must mount other units in indi- 
vidual sockets, which include field-wiring terminals, 
or on backplanes, which accommodate groups of mod- 
ules in addition to the field wiring. Some vendors call 
their backplanes “manifolds.” 

Some manifolds incorporate power supplies for the 
signal-conditioning modules; others require you to 
mount a power supply separately. On manifolds, screw 
terminals are common for transducer connections, but 
connectors often carry the signals to the data-acquisi- 
tion system. 

The philosophy of how to handle field wiring is not 
a small issue in signal conditioning. For example, most 
vendors favor screw terminals over connectors for sig- 

Text continued on pg 142 


By incorporating internal modularity, Beckman Industrial has made its 
8000 series configurable by distributors, making possible delivery times of a 
few days in a field where 6-week deliveries are not uncommon. 


For opie. you can ee : 
strain-gauge-based transducers — 


that measure pressure, force, and — 


displacement. Load cells, oes) 
measure weight, are usually 
strain-gauge-based a 
transducers. _ _ 
There are a variety of inductive 


which are linear variable dis- 


and their rotary counterparts 
(RVDTs). As their name sug- 


| placement. LVDTs and RVDTs 
require ac excitation, usually at 


a moderate audio ee such _ 


as 2.4 kHz. 


Contacts act as transducers — 


Though not commonly thought / 


_ of as transducers, electrome- _ 


- chanical relay contacts commonly 
become signal sources for data- 


acquisition systems. Naturally, if 
the only function a contact eu : 
forms is to supply a signal toa 


data-acquisition system, you. may 


: not have to avon the signal 
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an alloy intended for dry-circuit — 
_ applications, you may need to 
cite the contact with a voltage o: iin 
perhaps 24V, which is much too 2 zee 2 
| meh to ) form a safe input for i a signal cond 
transducers, the most common of _. 
_ io ue the status ofa pied rae nan vale ie 
_ placement transformers (LVDTs) © 
| de voltages to a load. Any of _— leg outpi 
_. these situations dictates the oe ~ eontrol, : 
- gests, LVDTs measure linear di . itioni 
 tioner. For safety, such signal _ 
: conditioners should include isola- 


. of signal-conditioner vendorsis 
the ability to mix analog and digi- / a 
_ tal signal conditioners in thesame 
_ manifold. Here, “digital” does not _.. 
refer to modules that produce _to suy 

‘digital representations of toe ers; an 
_ variables (for example RS-485- —sasynchron 
compatible outputs from a ther- _ 4 
- mocouple signal conditioner). i j 
pee it refers to contact- | 

_ status- es signal conditioners . i. 


a a thous you may ant a .. 
_ debounce it. However, unless 


your relay has contacts ma de of . 


that actually switches high ac or _ out aye sys i 2 


of a contact-sensing signal cond - 


tion. S, but, us 
A feature touted by a nu mber ch |. 


S rr fo i 
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A unit’s enclosure can tell you not only about 
the intended application but also about the 
designer's philosophy, and maybe some- 
thing about the vendor's history. 


TABLE 1—REPRESENTATIVE SIGNAL CONDITIONERS (c 


VENDOR "SERIES 
MEASURE- | 2200 


MENTS SYSTEM 
GROUP 


THIGH-GAIN WIDE: 

BAND AMPLIFIER 
WITH EXCITATION 
SOURCE AND SEL- 
_ |ECTABLE FILTER 


. (MULTIPLEXED) — 
30 V, |, BRIDGE 

| PULSE AND FRE- 

QUENCY INPUT 

UNITS. OUTPUTS 

IN ENGINEERING 


+0.2% 
GAIN ERROR 
+0.01% NON- 
LINEARITY 


500V RMS RS-232C SOR 


BYTE 


 |INDUSTRY,ADCs, | 
__ |POWER SUPPLIES 


WIDEBAND, HIGH- 

GAIN INSTRUMENT 

AMPLIFIER SYSTEM 

WITH EXCITATION, 

FILTER, AND PRO- 

GRAMMABLE 
|FUNCTIONS 


8300AU 


SCIENTIFIC 


GAIN 0.1% 

0.01% OPT- 
IONAL. NON- 
LINEARITY 
0.01% OF 
RANGE 


SINGLE AND MULTI- [1 CHANNEL 


SCHLUM- |910XXX 


$280 |NOTAP- |+5V, +10V,  |0.1%NON- 
BERGER (SERIES |CHANNEL — (1 CHAN- |PLICABLE | +20 mA, LINEARITY | 1.2x2.4x 
INDUSTRIES|911XXX | TRANSDUCER NEL) |DEPENDSON| <SIN. 


SERIES {CONDITIONERS | MODEL 
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nal conditioners’ transducer connections because an 
electrician can install the wiring using only a wire strip- 
per and a screwdriver; electricans don’t customarily 
carry soldering irons or crimping tools. But if the screw 
terminals are on the signal-conditioning module itself 
and the module needs to be replaced, service personnel 
must disconnect all of the wires individually. Unless 
they carefully tag each wire before exchanging a mod- 
ule, installers are likely to cross the wires, possibly 
damaging the transducer or the signal conditioner. This 
aspect of field wiring has led to the popularity of sock- 
eting signal-conditioning modules or of using screw- 
terminal strips that, themselves, plug onto the signal 
conditioner or the manifold. 


Wiring is a central issue 


Indeed, wiring considerations are so important to 
the signal-conditioning field that they dominate the 
thinking of signal-conditioner designers. For example, 
many modules incorporate multiplexers. If a module 
has a low-impedance, voltage-source analog output that 
acts as an open circuit until the module receives an 
output-enable signal, a single wire or pair of wires can 
carry the outputs of a large number of modules. If 
each module responds to a unique address that you can 
program with jumpers or switches, and if you send the 
output-enable signal in the form of a serial bit stream 
that all of the modules receive and decode, you need 
no more than one additional wire pair to communicate 
with perhaps thousands of modules. Of course, such 
multiplexing schemes can sacrifice speed for wiring 
simplicity. Furthermore, in the scheme described, un- 
less the wiring runs from module to module, rather 
than from each module back to a central point, there 
will be no savings in wiring cost. 

In process control, the 4- to 20-mA analog-output 
range has become a standard for transmitters and sig- 
nal conditioners. Years ago, designers of process in- 
strumentation adopted a current-output rather than a 
voltage-output standard for such devices. One reason 
for this change is that if you have a voltage-output 
device and a wire carrying the output signal breaks, 
even if a value of zero is out of range (as it would be 
with a range of, say, 1 to 5V), you might wait a long 
time before the signal level reached a value indicative 
of an open connection. With high-input-impedance re- 
ceivers sensing the signal conditioners’ output voltage, 
charge stored in the wiring capacitance could take an 
unacceptably long time to dissipate. Substituting low- 
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The advantages of digital techniques show up in this DGH module. You 
can use an RS-232C interface to send codes that alter the unit’s characteristics. 
It stores its configuration in nonvolatile memory. 


input-impedance receivers could cause IR drops in the 
wiring sufficient to excessively degrade accuracy. In 
a current-based design, open wires are much less likely 
to cause failures that go undetected. 

A signal conditioner need not have a voltage output 
to operate in a multiplexed mode similar to that de- 
scribed above; multiplexed 4- to 20-mA outputs are 
possible. In this case, an unselected device on the loop 
must act as a short circuit, or at least as a low imped- 
ance, and all of the current sources around the loop 
should have very high output impedances. 


Analog outputs still predominate 


Now that most of the world has gone digital, you 
might be tempted to ask why so many signal condition- 
ers continue to offer analog outputs. Though tradition 
and inertia probably play a role, the difficulty of estab- 
lishing a widely accepted standard apparently plays 
an even greater role. At present, manufacturers of 
signal conditioners with digital outputs do not appear 
to have reached a concensus on a communications pro- 
tocol. Indeed, enough characteristics are unique to spe- 
cific application areas (for example HVAC—heating, 
ventillating, and air conditioning) that a strong ration- 
ale seems to exist for multiple protocols. Several manu- 
facturers have introduced digital-output signal condi- 
tioners, and the marketplace must decide which, if 
any, of their protocols will emerge as standards. 
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Unlike transmitters, signal conditioners are 
not enclosed by their vendors in explosion- 
proof, or even drip-proof, 

housings. 


Norm Bernstein, architect of ADI’s 6B series of digi- 
tal-output signal conditioners, says, “I’d like customers 
to view the use of digital techniques in these modules 
as a means of correcting the shortcomings of analog 
electronics rather than as a vehicle for creating a new 
output standard. We even thought about converting 
from digital to analog just ahead of the module outputs 
so that users could have a familiar interface that 
they’ve dealt with for years. But at the time we de- 
signed the 6B units, we couldn’t justify an analog out- 
put economically, especially when we thought about 
how many users would have to convert it to digital 
form.” 

The digital techniques embodied in the 6B modules 
and others, such as the D1000 and D2000 series from 
DGH, pay strong dividends in one area in particular: 


Combining two circuit-module types in one unit, Calex’s signal conditioner 
for resistive bridges includes an ac-line-operated power supply and incorpo- 
rates screw terminals for field wiring. 
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A standard 19-in. rack can accommodate signal 
conditioners like these SCM5B units from Burr- 
Brown. This 3-in.-high manifold can hold 16 
units. Note the screw-terminal blocks, which re- 
quire no preparation of wire ends other than strip- 
ping and twisting. 


configuring the modules for a specific application. Set- 
ting the scale factor and offset of modules in ADI’s 
very successful analog-output 5B series—to obtain re- 
sults in engineering units, for example—requires laser 
trimming of resistors, an operation that, clearly, only 
the factory can perform. Because the vendor stocks 
the modules in depth, if you are ordering a standard 
version, you can probably obtain it in a few weeks. 
Custom variations can take 12 weeks, however. With 
the 6B units, by using a PC and the utility software 
that accompanies the modules, you can set the scale 
factor and offset yourself. Therefore, the vendor need 
not stock as many varieties; the result is economies of 
scale. 

Digital techniques also permit elimination of trim- 
ming potentiometers. Though the opinion is far from 
unanimous, many Es consider the use of potentiome- 
ters an anathema in a factory environment. For one 
thing, potentiometer settings can shift as a result of 
vibration. Secondly, most of the devices are not amena- 
ble to encapsulation, and, except for sealed devices 
(many of which are quite expensive), it is advisable 
to keep potentiometers away from grimy and corrosive 
atmospheres. Furthermore, especially if a unit has sev- 
eral potentiometers, if someone disturbs the settings, 
you may never be sure that you have readjusted the 
potentiometers to their original values. When D/A con- 
verters and nonvolatile memories replace potentiome- 
ters, if the software permits, you can store the poten- 
tiometer settings. As long as the computer and the 
disk with the setup file are handy, you can get back 
to where you started from. 


Analog outputs are faster than digital 


However, digital-output signal conditioners are not 
for every application. Most of them use ADCs based 
on voltage-to-frequency conversion. Converters of this 
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Manufacturers of signal conditioners 


For more information on signal conditioners such as those described in this article, circle the appropriate numbers 
_on the Information Retrieval Service card or use EDN’s Express Request service. When you contact any of the following 
manufacturers directly, please let them know you saw their products in EDN. 


Acromag Inc 
30765 Wixom Rd 
Wixom, MI 48096 
(813) 624-1541 
FAX 313-624-9234 
Circle No 650 


Acrosystems Corp 
66 Cherry Hill Dr 
Beverly, MA 01915 
(508) 927-8880 
FAX 508-922-5114 
Circle No 651 


Action Instruments Inc 
8601 Aero Dr 

San Diego, CA 92123 
(619) 279-5726 

FAX 619-279-6290 
Circle No 652 


Analog Devices Inc 
2 Technology Way 
Norwood, MA 02062 
(800) 245-8900 

(617) 329-4700 

FAX 617-461-3901 
Circle No 653 


Beckman Industrial Corp 
3883 Ruffin Rd 

San Diego, CA 92123 

(619) 495-3200 

FAX 619-268-0172 

Circle No 654 


BLH Electronics 
75 Shawmut Rd 
Canton, MA 02021 
(617) 821-2000 
FAX 617-828-1451 
Circle No 655 


Burr-Brown Corp 
Box 11400 
Tucson, AZ 85734 
(602) 746-1111 
FAX 602-889-1510 
Circle No 656 


Calex Mfg Co Inc 

3355 Vincent Rd 
Pleasant Hill, CA 94523 
(415) 932-3911 

FAX 415-932-6017 
Circle No 657 


Capacitec 

Box 819 

Ayer, MA 01482 
(508) 772-6033 
FAX 508-772-6036 
Circle No 658 
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Data Translation Inc 
100 Locke Dr 
Marlborough, MA 01752 
(508) 481-8700 

Circle No 659 


Datel Inc 

11 Cabot Blvd 
Mansfield, MA 02048 — 
(508) 339-8000 

Circle No 660 


DGH Corp 
Box 56388 
Manchester, NH 03108 


— (603) 622-0452 


FAX 603-622-0487 
Circle No 661 


 Dutec Inc 


Box 964 — 

Jackson, MI 49204 
(517) 750-4700 

(800) 248-1632 : 
FAX 517-750-4740 
Circle No 662 


Ectron Corp 

8159 Engineer Rd 
San Diego, CA 92111 
(619) 278-0600 

FAX 619-278-0372 . 
Circle No 663 


Endevco 

30700 Rancho Viejo Rd 

San Juan Capistrano, CA 92765 
(714) 493-8181 

FAX 714-661-7231 

Circle No 664 


Frequency Devices Inc 
25 Locust St : 
Haverhill, MA 01830 — 
(508) 374-0761 
TWX 710-347-0314 _ 
Circle No 665 


Gordos Corp 
Box 624 


Rogers, AR 72756 


(501) 636-5000 
FAX 501-636-2305 


Circle No 666 


Gould Inc 

3631 Perkins Ave 
Cleveland, OH 44114 
(216) 361-3315 

FAX 216-881-4256 - 
Circle No 667 


Keithley Instruments Inc 


28775 Aurora Rd 
Cleveland, OH 44139 
(216) 248-0400 _ 

(800) 552-1115 

TLX 98-5469 

Circle No 668 


Kistler Instrument Corp 
75 John Glenn Dr 
Amherst, NY 14120 
(716) 691-5100 

FAX 716-691-5226 

Circle No 669 


Kyowa Dengyo Corp 
10 Reuten Dr 
Closter, NJ 07624 
(201) 784-0500 

FAX 201-784-0820 
Circle No 670 


Measurement Technology Inc 
1595 Central St 

Stoughton, MA 02072 

(617) 344-6230 

FAX 617-341-4892 

Circle No 671 


Measurements Group Inc 
Box 27777 

Raleigh, NC 27611 

(919) 365-3800 

FAX 919-365-3945 

Circle No 672 


MetraByte Corp 

440 Myles Standish Blvd 
Taunton, MA 02780 
(508) 880-3000 

FAX 508-880-0179 
Circle No 673 


Omega Engineering Inc 
Box 4047 

Stamford, CT 06907 
(203) 359-7874 

FAX 203-359-7700 

Circle No 674 


Opto 22 

15461 Springdale St 
Huntington Beach, CA 92649 
(714) 891-5861 

FAX 714-893-0867 

Circle No 675 


Phoenix Contact 
Box 4100 

Harrisburg, PA 17111 
(717) 944-1300 

FAX 717-944-1625 
Circle No 676 


VOTE... 


Preston Scientific 
805 E Cerritos 
Anaheim, CA 92805 
(714) 776-6400 

FAX 714-776-3660 
Circle No 677 


Schaevitz 

Rt 180 & Union Ave 
Pennsauken, NJ 08110 
(609) 662-8000 

FAX 609-662-6281 
Circle No 678 


Schlumberger Industries 
5586 Main St, Suite G-1 
Williamsville, NY 14221 
(716) 634-4452 

FAX 716-624-1225 

Circle No 679 


Transmation Inc 
Box 60803 
Rochester, NY 14606 
(716) 254-9000 

FAX 716-254-0273 
Circle No 680 


Validyne Engineering Corp 
8626 Wilbur Ave 
Northridge, CA 91324 

(800) 423-5851 

(818) 886-2057 

FAX 818-886-6512 

Circle No 681 


Viatran Corp 

300 Industrial Dr 
Grand Island, NY 14072 
(716) 773-1700 

FAX 716-773-2488 
Circle No 682 


Please also use the Information Retrieval 
Service card to rate this article (circle 


one): 
High Interest 515 


Medium Interest 516 
Low Interest 517 
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Leisurely conversion oe 
many industrial applicatic 
tion testing and vi 
fast settling and wi 


1s are adequate in 


The internal construction of these Analog Devices modules (5B series on 
left; 3B on right) shows the use of ferrite potentiometer-core transformers for 
isolation and indicates how surface-mount technology made possible the 
smaller size of the 5B family. 


type are easy to isolate, offer high resolution, and have 
excellent immunity to noise. These characteristics ide- 
ally suit many industrial applications, where noise 
sources abound. Moreover, the converters’ leisurely 
conversion speeds are entirely adequate in a significant 
number of industrial applications, where signals change 
slowly. But in applications such as production testing 
and vibration analysis, fast settling and wide band- 
width are vital. Here the A/D conversion, digital com- 
munications, and even the multiplexed analog-output 
techniques that have thus far been used in signal 
condtioners are likely to come up short. 


Don’t overlook the importance of isolation 


Transforming signals into a form acceptable by data- 
acquisition systems sometimes involves analog-to-digi- 
tal conversion and usually involves amplification. There 
is, however, another function that signal-conditioner 
vendors insist should almost always be involved: isola- 
tion. Isolation is a major factor in safeguarding both 
equipment and personnel from the hazards of high volt- 
age. Particularly when signals are at millivolt or micro- 
volt levels (as are thermocouple outputs, for example), 
isolation can provide significant benefits in noise rejec- 
tion. Yet, despite these advantages, at least in the 
US, vendors insist that they have an uphill battle con- 
vincing customers of the need for isolation. Almost 
everywhere else, the vendors claim, customers take 
for granted that a signal conditioner will incorporate 
isolation. 

For the most part, the signal conditioners in this 
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Among the first vendors to offer industrial signal conditioners, Action Instru- 
ments packages this unit in a type of case used by industrial relays. The unit 
plugs into a relay socket. You can snap many sockets into tracks like the one 
shown. 


survey use isolation techniques described in a previous 
EDN article (Ref 1). Most signal conditioners use mag- 
netic isolation for analog signals and optical coupling 
for digital signals. These signal conditioners usually 
also incorporate transformer-isolated de/de converters 
to power internal circuits and, when intended for use 
with transducers that require it, to provide the excita- 
tion. Hence, signal conditioners that contain de/de con- 
verters usually isolate both their input circuits and 
their transducer-excitation sources from the incoming 
power. A common isolation-breakdown voltage is 
1500V de or peak ac. This voltage is more than ade- 
quate where the maximum voltage the field wiring can 
contact under fault conditions is 240V rms. 

A few moments spent thinking about isolation and 
safety in signal conditioners should make it apparent 
that if signals at dangerously high common-mode volt- 
ages are anywhere near a small signal-conditioning 
module, the mechanical design of the module and its 
pin configuration can make a large difference in the 
care an operator must exercise when replacing a mod- 
ule. That thought struck the principals of Measurement 
Technology Inc (MTI), and when they designed the 
SC200 series, which physically resembles ADI’s 5B 
series, they intentionally designed the modules to over- 
come what they saw as shortcomings of the 5B units. 
The resulting products are compatible with the ADI 
units only at the manifold level—you can exchange 
MTI and ADI manifolds, but you can’t mix the two 


vendors’ modules within a manifold. MTI claims that 


an operator can safely insert and remove its modules 
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To calibrate a signal conditioner, you may 
have to disconnect the transducer and sub- 
Stitute a transducer simulator. 


without disconnecting power or signals, and that doing 
so can’t damage a module. Another convenience of 
MTT’s design is the LEDs that tell you which module’s 
multiplexed output is enabled at any instant. To recog- 
nize the value of the visual indicator, consider the chal- 
lenge confronting someone who attempts to locate a 
problem in a system that contains dozens of modules. 


Calibration can be nontrivial 


Even if all the modules in a large system are func- 
tioning perfectly, calibrating the units can represent 
a formidable task. The merits of designs that substitute 
D/A converters for potentiometers were discussed 
above, but even with units that don’t use potentiome- 
ters, calibration can be nontrivial. For example, to 
calibrate a signal conditioner, you may have to discon- 
nect the transducer and substitute a transducer simula- 
tor. However, if in response to a command you send, 
a module can substitute a calibration signal for a 
trandsucer signal, the calibration process can be much 
simpler. Furthermore, calibrating a module in this 
manner prevents you from improperly reconnecting the 
transducer and possibly damaging it. But, of necessity, 
such schemes can’t calibrate every module part that 
affects a measurement. With a module that conditions 
a thermocouple signal, for example, when you substi- 
tute a calibration signal for the thermocouple by actuat- 
ing a solid-state switch within the module, you take 
the thermocouple connections, with their attendant off- 
sets, out of the circuit. Nulling the offsets caused by 
the connections can be a major reason for calibrating 
the signal conditioner. 

As long as electronics is used in the measurement 
and control of physical phenomena, signal conditioning 
will exist in some form, though advances in transducer 
design may increasingly place the signal-conditioning 
function within the transducer. However, because 
transducers are, by their nature, subject to extreme 
environmental conditions (conditions in which elec- 
tronic circuits don’t flourish), systems where the elec- 
tronics and the transducer are separate—as they are 
with the signal conditioners in this survey—are likely 
to enjoy continued popularity. 

Given the competitive nature of the business, signal- 
conditioning technology will continue to advance. But, 
given the conservative nature of the user community, 
there will be no rush to embrace revolutionary develop- 


148 


The construction of these units from Preston Scientific reveals both their 
intended application and their ancestry. The fully repairable, programmable 
modules descend from a long line of amplifiers used in laboratories and 
aerospace ground-support systems. Older ones had front-panel-mounted op- 
erator controls. 


ments. Rather, the stage appears to be set for a con- 
tinuation of the evolutionary development that has 
characterized the field. A decade from now, signal con- 
ditioners will almost certainly be different from the 
ones that are popular today, but in all likelihood, the 
differences will not be so great as to make the products 
unrecognizable. 
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Circuits 


PART 9 


Troubleshooting 
techniques quash 
spurious oscillations 


Oscillations are the ubiquitous bugaboos of analog-cir- 
cuit design. Not only can you encounter oscillating 
op amps, as described in part 8, but also oscillating 
transistors, switching regulators, optoisolators, com- 
parators, and buffers. And, of you think about it, 
latched-up circuits are just the opposite of oscillating 
ones, so Bob included them here, too. 


Robert A Pease, National Semiconductor Corp 


Recall the corollary of Murphy’s Law that states: “Os- 
cillators won’t. Amplifiers will.”—oscillate, that is. The 
knack of spotting and quashing spurious oscillations is, 
for some fortunate people, a well-developed art. But 
others have not learned this art well. 

I obviously cannot tell you how to solve every kind 
of oscillation problem. But, I will give you some general 
principles and then notes on what can go wrong with 
various components, including comparators and buff- 
ers. This information along with a few suggested proce- 
dures and recommended instruments will get you off 
to a good start. 

Here are some of the types of oscillations that can 
pop up unexpectedly: 

® Oscillations at very high frequencies—hundreds 
of megahertz—because of a single oscillating transistor 

® Oscillations at dozens of megahertz arising from 
stray feedback around a comparator 
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@ Oscillations at hundreds of kilohertz because of 
an improperly damped op-amp loop, an unhappy linear 
voltage-regulator IC, or inadequately bypassed power 
supplies 

@ Moderate-frequency oscillations of a switching- 
regulator loop because of improper loop damping 

@ Low-frequency oscillations coming from physical 
delays in electromechanical or thermal servo loops. 

As these general descriptions indicate, the frequency 
of an oscillation is a good clue to its source. An electric- 
motor loop can’t oscillate at 10 MHz, and a single tran- 
sistor can’t rattle at 100 Hz. So when an engineer 
complains of an oscillation, the first question I have is, 
“Oh, at what frequency?” Even though the frequency 
is often a good clue, engineers sometimes never even 
notice what the frequency was. This omission tends 
to make troubleshooting by phone a challenge. 

At very high frequencies, 20 to 1000 MHz, the layout 
of a circuit greatly affects the possibility of oscillation. 
One troubleshooting technique is to slide your finger 
around the circuit and see if at any point an oscillation 
improves or worsens. Remember, knowing how to 
make an oscillation stronger is not worthless knowl- 
edge—that information can provide clues on how to 
make the oscillation weaker. 

I remember being very impressed when a colleague 
showed me that some of the earliest IC amplifiers had 
a tendency to self-oscillate at 98 MHz with certain 
levels of output voltage. Putting a grid-dip oscillator 
nearby caused increases or decreases in the problem. 
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At very high frequencies—20 MHz to 
1000 MHz—the layout of a circuit greatly 
affects the possibility of oscillation. 


SS 
See 


When you find gremlins, goblins, and bugaboos in your circuit, you 
have to exorcise them. 


(Heathkit makes one of these instruments whose up- 
dated name is “dip meter.”) At that time I didn’t have 
a 100-MHz scope, but I could see the rectified envelope 
of these high-frequency oscillations on a 25-MHz scope. 
So, if you see a circuit shift its de level just because 
you move your finger near a transistor, you should 
become suspicious of high-frequency oscillations. 

Of course, you will never “slide your finger around” 
in a circuit with high or lethal voltages. 

One of the easiest ways to inadvertently cause a 
very-high-frequency oscillation is to run an emitter- 
follower transistor (even a nice, docile type such as a 
2N3904) at an emitter current of 5 or 10 mA. In such 
a case, you can easily get an oscillation at a few hun- 
dred megahertz. So, although a good 100-MHz scope 
cannot spot this kind of oscillation, the resulting radi- 
ated noise can cause other circuits to go berserk and 
can cause an entire system to fail tests for radiated 
electromagnetic noise. 

For such an emitter follower, a 50 or 1000 carbon 
resistor directly in series with the base of the transistor 
(and not 2 or 3 in. away) can cure this tendency to 
oscillate. Sometimes a small ferrite bead is more suit- 
able than a carbon resistor because it will degrade the 
transistor’s frequency response less. 

Not all problematic oscillations are high-frequency 
ones. An unstable switching-regulator feedback loop 
can oscillate at low frequencies. For troubleshooting 
switching-regulator feedback loops, I first recommend 
a network analyzer to save you troubleshooting time. 
A network analyzer facilitates taking data and checking 
out variations of the circuit in case of trouble. (How- 
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ever, | do tend to put more faith in real-time step 
response. ) 

Secondly, if an earlier version of your circuit has 
worked OK, what’s the difference between the new 
one that does not work well and the old one that does? 
Be sure to keep one or more examples of the old version 
around so that you can make comparisons when the 
new circuits have troubles. (Note that I said when, 
not if.) Thirdly, look for components such as capacitors 
whose high-frequency characteristics can change if 
someone switched types or suppliers. 

Optoisolators are another likely cause of oscillation 
trouble due to their wide range of de gain and ac re- 
sponse. A switching-regulator IC, on the other hand, 
is not as likely to cause oscillations, because its re- 
sponse would normally be faster than the loop’s fre- 
quency. But, the IC is never absolved until proven 
blameless. For this reason, you should have an extra 
module with sockets installed just for evaluating these 
funny little problems with differing suppliers, variant 
device types, and marginal ICs. You might think that 
the sockets’ stray capacitances and inductances would 
do more harm than good, but in practice, you can learn 
more than you lose. 

You can best analyze the design of a slow servo 
mechanism, such as that in Fig 1, with a strip-chart 
recorder because the response of the loop is so slow. 
(A storage scope might be OK, but a strip-chart re- 
corder works better for me.) You might want to ana- 
lyze such a servo loop with a computer simulation, 
such as Spice, but the thermal response from the heater 
to the temperature sensor is strictly a function of the 
mechanical and thermal mounting of those components. 
This relationship would rarely be amenable to com- 
puter analysis. 


Comparators can misbehave 


Saying that a comparator is just an op amp with all 
the damping capacitors left out is an oversimplification. 
Comparators have a lot of voltage gain and quite a bit 
of phase shift at high frequencies, hence oscillation is 
always a possibility. In fact, most comparator problems 
involve oscillation. 

Slow comparators, such as the familiar LM339, are 
fairly well behaved. And if you design a pe-board layout 
so that the comparator’s outputs and all other large, 
fast, noisy signals are kept away from the comparator’s 
inputs, you can often get a good clean output without 
oscillation. However, even at slow speeds, an LM339 
can oscillate if you impress a slowly shifting voltage 
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ramp on its differential inputs. Things can get even 
messier if the input signals’ sources have a high imped- 
ance (>10 kQ)) or if the pc-board layout doesn’t provide 
guarding. 

In general, then, for every comparator application, 
you should provide a little hysteresis, or positive feed- 
back, from the output back to the positive input. How 
much? Well, I like to provide about twice or three 
times as much as it takes to prevent oscillation near 
the comparator’s zero-crossing frequency. This excess 
feedback defines a safety margin. (For more informa- 
tion on safety margins, see the box, “Pease’s Princi- 
ple,” in the September 1, 1989, edition of EDN.) I 
have never seen this hysteresis technique outlined in 
print, so you can say you read it here first. 
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My suggestion for excess hysteresis is only a rule 
of thumb. Depending on your application, you might 
want to use more hysteresis. For example, a compara- 
tor in an RC oscillator may operate with 1, 2, or 10V 
of hysteresis, which means you can always use more 
than my minimum amount of excess hysteresis. Also, 
if you have a signal with a few millivolts of noise, the 
comparator that senses the signal will often want to 
have a hysteresis range that is three times greater 
than the noise. 


Just the right touch 


Comparators are literally very “touchy” components; 
that is, you can drastically alter their performance just 
by touching the circuit with your finger. And because 


oN — —h—h—hmhmreeee 
MBVAC ti‘ ts” 


Fig 1—Stabilizing this heater’s slow servo loop and choosing the proper values for R;, C1, and Cz involved applying a 1V p-p, 0.004-Hz 
square wave, Vspr, to Rz and observing the LM11C’s output with a strip-chart recorder. 
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Merely stopping an oscillation 1s not enough; 
apply a tough stimulus to the circuit to see 
if it’s safely removed from any tendency to 
oscillate. 


comparators are so touchy, you should be prepared for 
the probability that your safety margin may change, 
for better or worse, when you go from a breadboard 
to a printed-circuit layout. There’s no way you can 
predict how much hysteresis you'll need when your 
layout changes, so you just have to re-evaluate the 
system after you change it. 

For faster comparators, such as the LM311, every- 
thing gets even touchier, and the layout is more criti- 
cal. Yet, when several people accused the LM811 of 
being inherently oscillatory, I showed them that with 
a good layout, the LM311 is capable of amplifying any 
small signal, including its own input noise, without 
oscillating and without any requirement for positive 
feedback. One special precaution with the LM311 is 
tying the trim pins (5 and 6, normally) together to 
prevent ac feedback from the output (pin 7, normally), 
because the trim pins can act as auxiliary inputs. The 
LM311 data sheet in the National Semiconductor Lin- 
ear Databook has carried a proper set of advice and 
cautions since 1980, and I recommend this advice for 
all comparators. 

With comparators that are faster than an LM3811, I 
find that depending on a perfect layout alone to prevent 
oscillation just isn’t practical. For these comparators, 
you'll almost certainly need some hysteresis, and, if 
you are designing a sampled-data system, you should 
investigate the techniques of strobing or latching the 
comparator. Using these techniques results in no direct 
path from the output to the inputs lasting for more 
than just a few nanoseconds. Therefore, oscillation may 
be evitable. Granted, heavy supply bypassing and a 
properly guarded pc-board layout, with walls to shield 
the output from the input, may help. But you'll prob- 
ably still need some hysteresis. 

For some specialized applications, you can gain ad- 
vantages by adding ac-coupled hysteresis in addition 
to or instead of the normal de-coupled hysteresis. For 
example, in a zero-crossing detector, if you select the 
feedback capacitor properly, you can get zero effective 
hysteresis at the zero-crossover point while retaining 
some hysteresis at other points on the waveform. The 
trick is to let the capacitor’s voltage decay to zero 
during one half-cycle of the waveform. But make sure 
that your comparator with ac-coupled hysteresis 
doesn’t oscillate if the incoming signal stops. 


Comparators do have noise 


Data sheets don’t talk about the noise of compara- 
tors, but comparators. do have noise. Depending on 
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which unit you use, you may find that each comparator 
has an individual “noise band.” When a differential 
input signal enters this band slowly from either side, 
the output can get very noisy rail to rail, which results 
in amplified noise or oscillation. The oscillation can 
continue even if the input voltage goes back outside 
the range where the circuit started oscillating. Conse- 
quently, you can easily set up your own test in which 
your figure for offset voltage, Vos, doesn’t agree with 
the manufacturer’s measured or guaranteed values. In- 
deed, it can be tricky to design a test that does agree. 

For my tests of comparator Vos, I usually set up a 
classic op-amp oscillator into which I build a specific 
amount of hysteresis and a definite amount of capaci- 
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It takes a lot of skill and the right instrument to divine the source 
of perplexing problems. 
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Photographs by Peggi Willis 


tance, so that the unit will oscillate at a moderate, 
controlled frequency. If you’re curious, write to me for 
the details, which are not trivial. 

Another way to avoid Vog trouble with comparators 
is to use a monolithic dual transistor as a differential- 
amplifier preamplifier stage ahead of the comparator. 
This preamp can add gain and precision while decreas- 
ing the stray feedback from the output to the input 
signal. ; 


Common-mode excursions unpredictable 


After curing oscillation, most complaints about com- 
parators are related to their common-mode range. We 
at National Semiconductor’s applications engineering 
department get many calls from engineers who want 
to violate comparators’ common-mode specs, but 
they’re not always happy with our answers. I guess 
the complaints are partly the fault of the manufacturers 
for not being clear enough in their data sheets. 

_By way of contrast, most engineers know well that 
an op amp’s common-mode-voltage range, Voy, is de- 
fined provided that both inputs are at the same level. 
This spec makes sense for an op amp because most 
operate with their inputs at the same level. But in 
most cases, a comparator’s inputs are not at the same 
level. As long as you keep both inputs within the com- 
parator’s specified common-mode range, the compara- 
tor’s output will be correct. 

But, if one input is within the common-mode range 
and the other is outside that range, one of three things 
could happen, depending on the voltages and the par- 
ticular comparator involved. For some input ranges 
you can overdrive the inputs and still get perfectly 
valid response; for other input ranges, you can get 
screwy response but cause no harm to the comparator; 
and for others, you'll instantly destroy the comparator. 

For example, for an LM339-type comparator running 
on a 5V supply, if one of its inputs is in the 0-to-3.5V 
range, then the other input can range from 0 to 36V 
without causing any false outputs or causing any harm 
to the comparator. In fact, at room temperature, the 
out-of-range input can go to —0.1V and still produce 
the correct output. 

But, heaven help you if you pull one of the inputs 
below the —0.1V level, say to —0.5 or —0.6V. In this 
ease, if you limit the comparator’s input current to less 
than 5 or 10 mA, you won’t damage the comparator. 
But even if no damage occurs, the outputs of any or 
all of the comparators in the IC package could respond 
falsely. Current can flow almost anywhere within the 
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When oscillations get nasty, you need a scope with pinpoint trigger- 
ing to help you study the problem. 


IC’s circuitry when the substrate diode, which is inher- 
ent in the device’s input transistor, is forward biased. 
It is this current that causes these false outputs. 

We'll try to be more clear about Vcy specs in the 
future. Maybe next time at National Semiconductor, 
we'll phrase the spec sheet’s cautions a little more 
vigorously. Still, if you stay within their rated common- 
mode range, comparators are not that hard to put to 
work. 

Of course, some people disdain reading data sheets, 
so they get unhappy when we tell them that differential 
signals larger than +5V damage some fast compara- 
tors. But, this possibility has existed since the exis- 
tence of the »A710, so you'll have to clamp, clip, or 
attenuate the input signal—differential or otherwise. 


An unmentionable problem 


Something else that does not usually get mentioned 
in a data sheet are common-mode slew problems. The 
LM311 is one troublemaker, but to some extent all 
comparators can have these troubles. If one input sud- 
denly slews up to exceed the other’s level, you may 
see an unexpected, extra delay before the comparator’s 
output changes state. This delay arises because the 
comparator’s nodes do not slew fast enough internally 
for its outputs to respond. For example, a 10V step 
can accrue an extra 100-nsec delay compared with the 
the delay for a 100-mV step. And if both inputs slew 
together, the output can spew out indeterminate 
glitches or false pulses even if the differential inputs 
don’t cross over. Be careful if your circuit cannot toler- 
ate such glitches. 

Come to think of it, I get occasional complaints from 
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You should have an extra module with sock- 
ets just for evaluating funny little problems 
due to differing suppliers, variant device 
types, or marginal ICs. 


engineers along the lines of, “I’ve been using this com- 
parator for years without any trouble, but suddenly 
it doesn’t work right. How come?” When we inquire, 
we find that the comparators have been operating very 
close to the edge of the “typical” common-mode range, 
well beyond any guaranteed values. Although these 
engineers have been getting away with crowding the 
limits for years, the latest batch of comparators gives 
them trouble. Some of our best friends depend on us 
to have our parts meet those typical specs, and it’s 
always painful for us to tell them that they really ought 
to depend only on guaranteed specs. 

If you need three op amps and one comparator, can 
you use a single LM324? Well, op amps are not neces- 
sarily bad as comparators, but they sure are slow, and 
the LM324 is among the slowest. Not only is its slew- 
rate slow, but if you put in an overdrive of just 5 mV 
more than Vos, the output will respond at only 0.01V/ 
wsec—not even as fast as its specified slew rate. An 
LF351 or one fourth of an LF347 will respond some- 
what faster. So if you want to use an op amp as a 
comparator, you’d better need merely a slow compara- 
tor. (Note, however, that one LM358 plus one LM392 
will give you effectively three fourths of an LM824 
plus one fourth of an LM839, and the space taken by 
the two 8-pin miniDIPs would be only 4% more than 
that taken by a single 14-pin DIP.) 

But, even so, some people do use op amps as slow, 
precision comparators. Even though op amps are gen- 
erally not characterized as comparators, you can engi- 
neer such a circuit successfully. For example, the 
LM709 minus its compensation capacitors is a surpris- 
ingly competent, fairly quick comparator. But, please 
don’t overdrive and damage the inputs. 

Conversely, I am occasionally asked, “Can I put 
some damping capacitors on an LM339 and use it as a 
unity-gain follower?” The general answer is NO! be- 
cause the LM339’s phase lags are too squirrelly to be 
controlled by any possible compensation scheme. But 
I have used the slower LP339 and LP365 successfully 
this way, as a slow inverter or slow follower. 


Even buffered circuits can oscillate 


Any circuit that adds current gain can oscillate— 
even a buffer. Let’s agree that a buffer is some kind 
of linear amplifier that has a lot of current gain. Some 
have a voltage gain around 0.90 or 0.95. Others have 
gains as high as 10 or 20 because their outputs must 
swing 50 or 100V p-p—or more. Even emitter follow- 
ers, which you’d expect to be very docile because their 
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Cr =5 TO 15 pF 


GAIN=0.95 


Re =20xRin 


Cr =5 TO 20 pF 


GAIN=—1.0 


C= 10, 100, OR 1000 pF 
AS SUITABLE 


2 
OPTIONAL 


Fig 2—Depending on the gain of the buffer, you can use these three 
schemes to stabilize a buffered amplifier. 


voltage gain is less than 1, have a tendency to “scream” 
or oscillate at high frequencies. So whether you buy a 
buffer or “roll your own,” watch out for this problem. 

Also, a buffer can have a high-frequency roll-off 
whose slope increases suddenly at 40 or 60 MHz and 
thus can contribute phase shift to your loop back down 
at 6 or 10 MHz. You can beat this problem, but you 
have to plan. A buffer can also add a little distortion, 
which the op amp cannot easily cancel out at moderate 
or high frequencies. Since buffers don’t usually have 
a spec on this distortion, beware. Also, if you’re run- 
ning the output’s quiescent bias current as Class AB, 
you must be sure that the de operating current is stable 
and not excessive. You must set it high enough so 
that you don’t get distortion but not so high that power 
consumption becomes excessive. 

One of my standard procedures for stabilizing a 
unity-gain follower stage is to put feedback capacitance 
around just part of the loop (Fig 2a). This circuit toler- 
ates capacitive loads, because the buffer decouples the 
load while the feedback capacitor around the op amp 
provides local stability. Most unity-gain buffers, 
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whether monolithic, hybrid, or discrete, are unstable 
with inductive sources, so keep the input leads short. 
A series resistor may help stability, as it does for the 
LM310, but it will slow down the device’s response. 

Many high-speed buffers have the chore of driving 
loads in the range of 50 to 1500. Driving these loads 
can require a lot of current, which leads to overheating. 
Plan your heat sinks carefully to keep the device from 
exceeding its rated maximum temperature. Most buff- 
ers don’t have any thermal shutdown feature, but the 
new LM6321s and LM6825s show that an op amp, at 
least, can have such features designed in. When using 
buffers to drive remote loads, be sure that the trans- 
mission lines or cables have suitable termination resis- 
tances on both ends to prevent reflections and ringing. 
If you can afford the voltage drop, it’s best to put 
about 500 between the buffer and its cable. 

When your buffer provides a lot of extra voltage 
gain, you must make sure that the gain rolls off in a 
well-engineered way at high frequencies, or the loop 
will be unstable. If the buffer-amplifier has a positive 
gain, as in Fig 2b, you can use capacitive feedback 
around the main amplifier. But when the buffer-ampli- 
fier has a gain of — 10 (Fig 2c), you may want to apply 
a feedback capacitor from the output of the buffer- 


Fig 3—Installing antireversal diodes in the system power supplies 
and on each pc board greatly reduces the chance of damaging the 
supplies or the circuitry with inadvertent short circuits or polarity 
reversals. 
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amplifier to the noninverting input of the op amp. In 
some cases, you can achieve stability by putting a se- 
ries RC damper from the noninverting input to ground 
to increase the noise gain, but this trick doesn’t always 
work. Damping this loop is not easy. 

A circuit that inadvertently latches up presents a 
problem exactly opposite that of an oscillating circuit. 
Or, you could correctly say that a latched-up circuit is 
an oscillator with zero frequency. Although latched-up 
circuits demand troubleshooting, the good thing about 
them is that they sit right there and let you walk up 
to them and touch them. And you can measure every- 
thing with a voltmeter to find out how they became 
latched. This state of affairs doesn’t mean _ that 
troubleshooting them is easy, because sometimes you 
can’t tell how the latched-up circuit got into its present 
state. And in an integrated circuit, there can be paths 
of carriers through the substrate that you can’t “put 
your finger on.” 

The worst aspect of latched-up circuits is that some 
are destructive, so you can’t just sit there and let them 
remain latched up forever. Two approaches for attack- 
ing destructive latches are: 

e Turn off the power quickly, so the latched-up cir- 
cuit cannot destroy anything. Try turning on power 
for short pulses and watching the circuit as it ap- 
proaches the destructive latch condition. 

@ Use an adjustable current-limited supply with a 
zero or small output capacitance, so when the circuit 
starts to latch, the fault condition can easily pull the 


_ current-limited power supply’s voltage down. 


Another way to inadvertently generate a latched-up 
condition is to turn on the outputs of your multiple- 
output power supply in the “wrong” sequence. Some 
amplifiers and circuits get quite unhappy when one 
supply (usually the positive one) turns on first. Auto- 
matic power-supply sequencers can help you avoid this 
problem. An antireversal rectifier across each supply 
can help, too, and is always a good idea for preventing 
damage from inadvertently crossed-up power-supply 
leads or supply short circuits. 

I used to get calls every few months from people 
who asked me if it was okay to ship products that 
contained LM108s that may have had +15V on their 
—15V pins and vice versa. Telling them, “Don’t ship 
it—junk it. And, next time put antireversal diodes on 
each supply,” was always painful for me. Specifically, 
you should add these antireversal rectifiers across each 
bus in your system to protect the loads and circuits. 
Also add an antireversal rectifier across each power 
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Sumulate the real world. 


Unique DesignSim A&D algorithm 
reduces simulation run times by allowing 
analog and digital simulators to schedule 
efficient time steps and reduce inter- 
simulator communications. 


DesignSim A&D is an open environ- 
ment accepting your custom models 
and models from third parties and 
user groups. 


DesignSim A&D plots analog and 
digital waveforms with same time base 
for easy viewing and analysis. 


Single and multi-ASIC design are 
simulated in systems context. ——_ 


DesignSim A&D’s extensive libraries Se 
of standard logic, digital and templates 
support board- and system-level 

simulation. 


Your product design is brilliant. Inspired. 
A masterwork. 


There's just one hitch. 


Your design overwhelms the capabilities of 
your simulator. 


It can’t handle your mixed-signal analog- 
digital circuits even at the ASIC chip level. 


Not simultaneously. Not accurately. Not 
with feedback. 


And at the system level? With multiple 
ASICs? No way. 


You need a simulator that can handle real 
world design. 


That’s NCR DesignSim™ A&D. This third- 
generation tool tightly couples analog and 
digital simulators to ensure the function 
and performance of mixed-signal ASICs. 
From the behavioral to transistor level. At 
the chip to multichip level. All within the 
system's context. 


Plus, you can actually simulate complete 
systems and subsystems using optional 
models and templates for standard compo- 
nents, electromechanical devices, motors 
and sensors. 


Imagine how that could shorten the design 
cycle and boost first-pass chip and 
system success. 


And because DesignSim A&D is fully 
featured, one system provides many types 
of analysis such as fault-grading and 
frequency analysis. 


DesignSim A&D is just one benefit of 
working with NCR’s Knowledge-based 
Engineering Environment (KE’). 


‘To receive a complete information package 
on DesignSim A&D and KE;™ call 
1-800-334-5454. 


Aredting. vate 


DesignSim A&D is based on Saber (Analogy) and CADAT (HHB, a subsidiary of Daisy/Cadnetix). ©1989 NCR Corporation. DesignSim and KE? are trademarks of NCR Corporation. 


CIRCLE NO 96 


EDN September 14, 1989 


159 


160 


oe sizes and styles, each furnished ina 
| variety of metals, finishes and colors. | 


Quality 
you can 


1 ppl ao piecbnis its c own | 


OP CIGnE 6 over zy 000 different 


You can also rely on our Assembly 


: Service Experts to recommend the right 
- combination of eyelets and machinery to 


meet your design specifications. 


- Send for your free copy of STIMPSON’S 
latest Eyelet Catalog, which illustrates 


over2,300standardand ..... 
specialty eyelets and our ~ EB — 
full line of precision-built = —. ars 
automatic eyeleting | ae 
boctag deg ——— 


ib Stimpsong 


900 SYLVAN AVE. BAYPORT, NY 11705-1097 
(516) 472-2000 
: _ CIRCLE NO 97 
See us at Booth No. 650 


Western Design Engineering Show 
Los Angeles, September 26th-28th 


3 and requirements. That's why = 


supply to protect the supplies (Fig 3). Some people 
think that leaving parts out is a good way to improve 
a circuit’s reliability, but I’ve found that putting in the 
right parts works best. 

If you have any doubt that your fixes are working, 
try heating or cooling the suspected semiconductor de- 
vice. Don’t bother heating passive components such 
as resistors, capacitors, and inductors because their 
characteristics don’t change enough with temperature 
to matter. Even if a circuit doesn’t get better when 
heated, it can get worse when cooled, so also take a 
peek at the circuit while applying some freeze mist. 

My point is that merely stopping an oscillation is 
not enough. You must apply a tough stimulus to the 
circuit and see whether your circuit is close to oscilla- 
tion or safely removed from any tendency to oscillate. 
This stricture applies not only to regulators but also 
to all other devices that need oscillation-curing proce- 
dures. | 

For example, if a 470 resistor in the base of a transis- 
tor cures an oscillation, but 240 doesn’t, and 330 
doesn’t, and 390. still doesn’t, then 472 is a lot more 
marginal than it seems. Maybe a 752 resistor would 
be a better idea—just so long as 100 or 120 or 1500 
resistors are still safe. 

In other words, even though wild guesses and dumb 
luck can sometimes cure an oscillation, you cannot cure 
oscillations safely and surely without some thoughtful 
procedures. Furthermore, somebody who has an ap- 
preciation for the “old art” will have the best results. 

I certainly do not want to say that technicians can’t 
troubleshoot oscillations simply because they don’t 
know the theory of why circuits oscillate—that’s not 
my point at all. I will only argue that a green or insen- 
sitive person, whether a technician or an engineer, can 
fail to appreciate when a circuit is getting much too 
close to the edge of its safety margins for comfort. 
Conversely, everyone knows the tale of the old-time 
unschooled technician who saves the project by spot- 
ting a clue that leads to a solution when all the bright- 
est engineers can’t guess what the problem is. 


Author’s biography 
For more information about Bob Pease, see the box, “Who 


is Bob Pease, anyway?” on page 148 of the January 5, 1989, 
edition of EDN. 


Article Interest Quotient (Circle One) 
High 479 Medium 480 Low 481 
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PUT MORE MUSCLE INTO YOUR PRODUCT... 


PEAK PERFORMANCE FOR THE LIFE OF YOUR EQUIPMENT 


Reliability is the Grayhill edge: 

We give our solid state relays a real 
workout in our test lab... to demon- 
strate 250,000 hours MTBF under 

worst case conditions. We build in this 
kind of endurance with SMT construc- 
tion, for a controlled and repeatable 
assembly process. This construction also 
allows better management of space 


perform for the life of the product you 
install it in that we make this commit- 
ment: should one ever fail, we'll send 
you a new relay at no charge! 


Grayhill Solid State Relays are offered 

in all the most popular standard pack- 
ages and ratings. They’re fully described 
in the free Grayhill Engineering Catalog 
and temperature with higher component #1, and they can be ordered through your 
density, excellent noise immunity, and local Grayhill distributor. Want some- 


many more reliability features. : _ thing special? Custom designs are 
also available. 


Grayhill SIP SSR—the standard package that 


sets new reliability standards. Take the first step up to the peak. Ask 


Bisa 2 vi 3 i et be us today for complete information, and 
ee | a free test sample. 


Value is the Grayhill Commitment... 
With this proven reliability, Grayhill 
Solid State Relays offer exceptional 
value. In fact, we are so confident that 
every standard Grayhill relay will 


561 Hillgrove Avenue, P.O. Box 10373 

LaGrange, Illinois 60525-0373 USA 

Phone: (312) 354-1040 FAX: (312) 354-2820 

Area Code 708, Effective November 11, 1989. 
At the Peak of Performance TLX or TWX: 190254 GRAYHILL LAGE 
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New LTC 1290 A to D 
System on a Chip. 

Linear Technology presents 
the LTC1290, the new standard in 
serial 12-bit data acquisition solu- 
tions. With exceptionally stable 
accuracy over temperature, the 
LTC1290 includes an 8-channel 
MUX, S/H, and ADC all in one low 
power CMOS design. Normal power 
consumption is a mere 25mW, 
and its design includes a software 
selectable shut down that reduces 
consumption to microwatt levels. 

And the LTC1290 is pin 
and function compatible with the 
LTC1090. That means that you 
can upgrade from 10-bit to 12-bit 
resolution and accuracy with a simple 
part change and little or no soft- 
ware modifications. 

The LT'C1290’s efficient serial 
I/O allows easy interface to virtually 
any microprocessor and is ideal 
for remote or electrically isolated 
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12 BITS 
BUILT-IN S/H 
8-CHAN MUX 


SINGLE +5V 
SUPPLY 


4-WIRE INTERFACE 
LOW POWER* 


CONVERSION TIME 


NO 
NO 


NO 
NO 
215mW 


12.5usec 


SOFTWARE PROGRAMMABLE FEATURES 


POWER 
SHUT DOWN 


UNIPOLAR/ 
BIPOLAR INPUTS 


DIFFERENTIAL/ 
SINGLE ENDED 
INPUTS 


YES NO 
YES NO 
YES NO 


*50yW in shutdown 


LINGR 


TECHNOLOGY 


TOUGH PRODUCTS 
FOR TOUGH APPLICATIONS. 
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applications. The 50kHz throughput 
rate and S/H acquisition time of 
less than 1 microsecond make dig1- 
tizing higher frequency waveforms 
easy. Software configurability of 
the MUX and analog to digital 
converter provide unmatched func- 
tional flexibility. The LT'C1290 
operates from either a single +5V 
supply for 0 to 5V inputs or =5V 
supplies for —5V to +5V inputs and 
is available in 20 pin skinny DIP 

or SO packages. 

Pricing for the LTC1290 com- 
mercial grade plastic device starts 
at $15.95 in 100’s. Take a hard look at 
the new LTC1290. We think you'll 
agree, it’s the high performance 
12-bit ADC solution to your data 
acquisition needs. 

For additional information, 
contact Linear Technology 
Corporation, 1630 McCarthy Blvd., 
Milpitas, CA 95035. Or call 
800-637-5545. 
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Spice model handles linear optocouplers 


Steven C Hageman 
Calex Mfg Co, Pleasant Hill, CA 


The Spice model for linear optocouplers in Listing 1 
yields results that correlate closely with both measured 
results and data-sheet specifications. The calculated 
large-signal rise and fall times correlate exactly with 
the measured values; and, at a given operating point, 
the model yields excellent de results. Only the tran- 
sient response at low forward currents shows aberra- 
tions. 

To derive the model’s parameters, you must have a 
good data sheet for your optocoupler. You must also 
know the approximate operating point of the optocou- 
pler’s diode and transistor in your circuit (Fig 1). 

To model the diode given the operating-point infor- 
mation Ip and Vp, use the following values for the 
parameters required by Spice’s D model statement 
(Listing 1): 

@ JS—Calculate the value of the series current from 
the classical diode equation using the diode’s for- 
ward voltage drop. 

® RS—A reasonable average value for optoisola- 
tors’ series resistance is 40. (The more-exact 
value in the listing was obtained elsewhere. ) 

@ EG—tThe energy gap of GaAs semiconductors is 
1.43. 

® BV—The data sheet's 
age. 

® IBV—The Mae reverse current at the re- 


reverse breakdown volt- 


CATHODE 


verse breakdown voltage, BV. 

@ CJO—The zero-bias diode capacitance from the 

data sheet. 

e TT—The transit time for the typical emitter is 

4 nsec. This spec is critical only for the input 
circuit’s response; the phototransistor swamps 
the output response. 

One peculiarity of Spice is that it requires you to 
insert a zero-voltage voltage source in a circuit, so 
that you can sense current. VSENSE senses the di- 
ode’s current; FC is the dependent source in the tran- 
sistor’s circuit (F designates a current-controlled cur- 
rent source). The Spice program statement, “FC 3 4 
VSENSE 1.0M,” links FC to VSENSE, where the 
1.0M term is the controlled source’s current gain—the 
ratio of the optoisolator’s current-transfer ratio (CTR) 
to its B. In this case, the device’s spec sheet lists its 
CTR as 55 and its B as 550. The M in the 1.0M parame- 
ter means “milli.” (Spice is case insensitive; to indicate 
mega, you must enter “MEG.”) 

The CTR of optoisolators varies by about 2:1 per 
decade of forward current, but this variation affects 
only the de bias-point accuracy. If you need more CTR 
accuracy, you could construct a Spice polynomial source 
for FC. Note that the transistor’s parasitic capaci- 
tances, CCE, CCB, and CBE, are also fixed in this 
model. These fixed capacitances result in very little 
loss of ac and transient accuracy. 3 

You model the rest of the phototransistor in a similar 
fashion to that of the input diode. Given your circuit’s 


COLLECTOR 


EMITTER 


Fig 1—This Spice optoisolator model, though somewhat simplified, gives good results. The voltage source in the diode’s circuit is a quirk 
that Spice requires to drive the dependent current source, FC, which models the phototransistor’s optical base drive. 


EDN September 14, 1989 


163 


Custom 
Silicon 


b /' The objective: agave) “i | bye ow | 

40 M yte Sec. LE oe system . te, 4 
and |I/O busses...simultaneously! 

data management 

system On on pea isp I/O and just about anything else your system 
might need. 

VME board ° The Uitimate SCSI Package 


Only Radstone’s SCSI-11 offers you: 
e The fastest sustained transfer rate available— 40 Mbytes/sec. 


} across the VMEbus 
e SCS i =-11 ¢ The first controller board in the industry with the VIC 068 
VMEbus Interface Chip 


e Sustained 5 Mbyte/sec. transfer rate across the SCSI bus 


from Rad ston ¢ A full master/slave VSB interface with its own sustained 30 
e. Mbytes/sec. DMA transfer rate 
# 68020 Microprocessor 
@ 1 Mbyte Quad-ported DRAM 


APEX (Advanced Processor EXtension bus) to add the 


eoiceweE Radstone’s “Freeflow Architecture” SCSI 

board that let’s you use up to four different busses—SCSI, VME, 
VSB and our APEX auxiliary bus. This gives you an I/O processor 
e that not only supports SCSI, but dual SCSI, Ethernet, IEEE 488, 


Face it. Your r eal system pr oblem IS f. ast functionality you want—Ethernet, second SCSI, IEEE 488, 
data access and transfer. Now there’s a TOE YO Ce Cy ORy ONT 
os . Commercial through Mil-Spec 
boar d that el, iminates bott! enecks in those Radstone offers an entire family of SCSI interface boards for 
areas to let your VME system deliver applications from commercial through full Mil-Spec. Plus the 
ik f industry's best selection of commercial, ruggedized and military 
pea perrormance. VME processor, memory, communications, I/O and controller 
boards, development systems and software. Radstone has your 
Visit us at Buscon East ’89, Booth 413 VME system solution now. Call us for the details. 


UK Water Lane, Towcester, Northants, NN12 7JN, (0327) 50312 

USA 20 Craig Road, Montvale, NJ 07645-1737, (201) 391-2700 

France ‘Miniparc, 6 avenue des Andes, 91940 Les Ulis, (1) 64.46.04.03 
Germany BahnhofstraBe 38, D-6090 Riisselsheim (0 61 42) 6 8004 
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approximate operating point (Ic, Vcr, Vpr, and Vcg), adummy 1-GO resistor from the base to emitter nodes. 


you obtain the phototransistor’s capacitance and 8B from 
its data sheet and insert these values in the program’s : 
capacitor statements and Q (transistor) model. If your To Vote For This Design, Circle No 748 


actual circuit doesn’t use the base node, simply connect 


KKK 


S 


Algorithm speeds trigonometric math 


Robert Zigon makes use of the simple trigonometric identities: 


hines, Indianapolis, IN 
pcrnanonal Laser Mac ‘ P sind = tané/V 1 + tan?@ and cosé = 1/V 1 + tan’6é. 


The following algorithm suits fixed-point, binary arith- 
metic much better than conventional power-series Assume that you have a vector, (X,Y), that you 
evaluations of sine and cosine functions. The algorithm wish to rotate through some arbitrary angle, 0, as ‘ 
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st UARTs... 


Dual or single, 


our UARTs improve your system’s performance. 


You need every extra ounce of 
performance and reliability you 
can get to make your system the 
best. We've got the UARTs to do 
just that. 


Pacesetting Speed 

You'll get the full 20 MHz speed out 
of our UARTs. And, the LD1107 and 
LD1108 both work with Centronics 
and IBM PS/2 printer ports. 


©1988 Silicon Logic, Inc. 
IBM PS/2 is a registered trademark of 
International Business Machines Corp. 
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Modem Hand-Shaking 

An internal programmable baud 
rate generator lets you select 
transmit and receive clock rates 
from 50 Hz to 56 kHz. And do it 
for each channel independently. 


24-Hour Samples 

We mean business. We'll turn your 
sample requests around within 24 
hours. And the call’s on us. 
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Call Toll Free 


1-800-272-8866 


The Enhancement IC Specialists 


950 E. Brokaw Road 
San Jose, CA 95161-9048 
Tel: 408-441-1615 
Fax: 408-954-0727 a 
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quickly as possible to generate a new vector (X’, Y’): 
Ly i bore ~ Fe 
x —sin@ cos@} LY |’ 
which is equivalent to 


X’ = X cosé + Y sind 
Y’ = —X sin@ + Y cosé.. 


To understand how this algorithm suits binary arith- 
metic, first choose a_ fixed-point value for 8: 
6, =arctan2“. If you substitute 6, for 6 in the previous 
identities, you get 


sing, = tan(arctan2~*)/V1 + tan?(arctan2~*) and 
cosé, = 1/V 1 + tan*(arctan2*). 


Simplifying: 


sind, = 2-*/V1 + (27*? 
cos, = 1/V1 + (27*). 


Computers can handle these last two expressions 
easily by doing the exponentiation with shifts and using 
common algorithms for extracting square roots. 

To apply this method to the vector-transformation 
problem, substitute the above equations in the first 
equations to yield 


= (A/V + 2°) x (K + 2*Y) 
Y= GN/1 + 2) x = 27m). 


You can precompute the quotient terms for the 
above equations and load them into a table. Thus, your 
program will not have to waste time extracting roots 


TABLE 1—ANGLE bigs Deets 


6, =ARCTAN 2-k 
— 45.0° | 

26.565° 

14.036° 

7.125° 

-3.576° 

1.789° 

0.895° © 


e1O1/n! a] wO)| NM] —+~| oO] ¥ 


ook 1 
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| 
oe 
1 


— ARCTAN-1 (147) © 


and dividing. The product of X or Y and 2™ only 
involves a right shift by k bits. 

However, this method hasn’t really solved the trans- 
lation problem. The equations, as constituted, will not 
rotate a vector through any arbitrary angle 0; the equa- 
tions restrict 6 to 6,, which can assume only the values 
in Table 1. 3 

To use the equations for any arbitrary angle, you 
must sum various values of 6, using 


6= > a,6,, a, = Oor]. 


The value for a depends on whether or not you need 
a particular angle increment, 6,, to contribute to the 
arbitrary rotation angle, 0. 
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Walsh functions power FSK transmitter 


Tom Dahlin 
3M Corp, St Paul, MN 


A Walsh-function generator powers the 600/1200-Hz 
FSK (frequency-shift keying) transmitter in Fig 1. 
Walsh functions are a digital analog of Fourier series. 
Walsh functions combine orthogonal digital waveforms, 
rather than orthogonal sinusoidal waveforms, to gener- 
ate arbitrary analog waveforms. 
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The circuit shown accepts a serial-data stream and 
generates the corresponding FSK sinusoidal wave- 
forms. The circuit has its own timebase and supplies 
a 1200-Hz master clock for the communications control- 
ler, which furnishes the serial data. 

In the circuit, IC,, an MC1441 baud-rate generator, 
divides the 1.8-MHz reference to provide five synchro- 
nous clocks ranging from 19,200 to 1200 Hz for the 
Walsh-function generator. The serial-data stream tog- 
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R, 24.3k C, 0.0047 pF 


mmm 3 Re 121k 


r Msal, 


Rs Re 
——~ , R,499k | 20500 | 20500 


C2 
0.0033 ae 


SAL? 


TX DATA 
FROM SERIAL 
TRANSMIT DEVICE 


TX CLOCK (1200 bps) 
TO SERIAL 
TRANSMIT DEVICE 


Fig 1—The XOR gates in this circuit generate Walsh functions that combine to form FSK signals. 


gles the quad dpst switch, IC,. The switch selects four 
of the five clocks and gates either the 19,200-through 
2400-Hz clocks or the 9600- through 1200-Hz clocks to 
the Walsh-function generator. The first group of four 
clocks generates the 1200-Hz FSK tone; the second 
group generates the 600-Hz FSK tone. 

The Walsh-function generator comprises the six ex- 
clusive-OR gates, IC; and IC,. As the timing diagram 
in Fig 2 shows, the four clock outputs of IC,—Q,, Q,, 
Q,, and Q,—drive the XOR gates to generate the 
Walsh functions: SAL, SAL;, SAL;, and SAL:. 
Weighting resistors R,, Re, Rs, and R, sum these sig- 
nals to form the composite output signal. 

The first section of the LM124 dual op amp, IC;, is 
a lowpass, Bessel filter with a 1500-Hz, —3-dB point. 
The second section sets the circuit’s output level. 

EDN 


References 
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: P : Fig 2—Walsh series are orthogonal digital signals that combine to 
To Vote For This Design, Circle No 750 form arbitrary waveforms, much as Fourier series combine orthogo- 
nal sinusoids. 
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rugged plug-in 


0.5 10 1000MIHZ tom $4379... 


Tough enough to meet full MiL-specs, capable of operating over a wide -55° to +100°C 
temperature range, in a rugged package...that’s Mini-Circuits’ new MAN-amplifier series. 
The MAN-amplifier's tiny package (only 0.4 by 0.8 by 0.25 in.) requires about the same 
oc board area as a TO-8 and can take tougher punishment with leads that won't break 
off. Models are unconditionally stable and available covering frequency ranges 0.5 to 
1000MHz, NF as low as 2.8dB, and power output as high as +15dBm. 

Prices start at only $13.95, including screening, thermal shock -55°C to +100C, 

fine and gross leak, and burn-in for 96 hours at 100°C under normal operating 

voltage and current. 


Internally the MAN amplifiers consist of two stages, including coupling capacitors. 
A designer's delight, with all components self-contained. Just connect to a dc 
supply voltage and you are ready to go. 


The new MAN-amplifiers series... 
another Mini-Circuits’ price/performance 


breakthrough. 
FREQ. 
RANGE GAIN MAX. NF DC PWR PRICE 
(MHz) dB OUT/PWRt dB 12V, $ ea. 
MODEL f_ to fy min flatnesstt dBm (typ) mA (10-24) 
MAN-1 0.5-500 28 i3.0 8 4.5 60 13,95 
MAN-2 0.5-1000 19:°-1,5 7 6.0 85 15,95 
MAN-1LN = 0.5-500 28° 1,0 8 2.8 60 15.95 
©MAN-1HLN- 10-500 10 08 15 37 70 15.95 
*MAN-1AD = 5.500 16 05 6 te 85 24.95 
ttMidband 10f, to fy /p:£0.5dB tidB Gain Compression Case Height 0.3 In. 


Max input power (no damage) + 15dBm,; VSWR in/out 1.8:1 max. 
* Active Directivity (difference between reverse and forward gain) 30 dB typ. 


finding new ways... 
setting higher standards 


[__ Mini-Circuits 


A Division of Scientific Components Corporation 


P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 
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Design Entry Blank 


$100 Cash Award for all entries selected by editors. An 
additional $100 Cash Award for the winning design of 
each issue, determined by vote of readers. Additional 
$1500 Cash Award for annual Grand Prize Design, 
selected among biweekly winners by vote of editors. 


To: Design Ideas Editor, EDN Magazine 
Cahners Publishing Co 
275 Washington St, Newton, MA 02158 


| hereby submit jmy| Design Ideas entry. 
Name 


Re coe 2s oe ne Rone 
Company 
Division (if any) 


Street 


City 


Design Title 


Home Address 


Social Security Number 
(Must accompany all Design Ideas submitted by US 
authors) 


Entry blank must accompany all entries. Design entered 
must be submitted exclusively to EDN, must not be 
patented, and must have no patent pending. Design must 
be original with author(s), must not have been previously 
published (limited-distribution house organs excepted), and 
must have been constructed and tested. 

Exclusive publishing rights remain with Cahners 
Publishing Co unless entry is returned to author or editor 
gives written permission for publication elsewhere. 

In submitting my entry, | agree to abide by the rules of 
the Design Ideas Program. 


Signed. 
Date 


Your vote determines this issue’s winner. All designs 
published win $100 cash. All issue winners receive an ad- 


ditional $100 and become eligible for the annual $1500 
Grand Prize. Vote now, by circling the appropriate number 
on the reader inquiry card. 
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Interfaces & Software 


Hardware 

IEEE interfaces for PC, AT, 386, 
PS/2, Macintosh, HP, SUN & DEC. 
Converters from IEEE to RS-232, 


RS-422, modem, Centronics, SCSI, 


digital I/O and analog I/O. 
IEEE extenders, Sees & buffers. 


Software | 
IEEE device drivers for DOS, 
_UNIXs, Macintosh & SUN, 
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Zilog’s NMOS SCC is the clearly established industry 
standard. Now our CMOS SCC, the Z85C30, brings you 
all the low power, low temperature, high reliability 
advantages of CMOS technology—and more. Off the 
shelf. It’s the new design and upgrade opportunity 
you've been waiting for. 


Impressive performance. 

Along with the tremendous performance benefits 
of having an SCC in CMOS, you'll get greatly increased 
speeds. Maximum data rates of 2.5 Mb/sec, for example. 
And the on-board 10x19-bit status FIFO and 14-bit byte 
counter ensure high-speed SDLC transfer. Plus the CMOS 
SCC’s enhanced DMA support cuts your CPU overhead 
considerably, so you don’t have to babysit the device. 


Easy to design in. Pin compatible upgrade. 

Zilog’s CMOS SCC easily interfaces to multiplexed 
or non-multiplexed microprocessors. The Z85C30 is 
function compatible—software compatible and pin 
compatible—with the industry standard NMOS SCC. 


The creator’s setting the new standard. Again. 


Quality and reliability you can count on. 

Using Zilog’s advanced 2 micron CMOS manufac- 
turing process, we're currently achieving better than 
100 PPM on the Z85C30. With over 4000v ESD protec- 
tion, the device has a very high immunity to EM] and 
static-induced stress. And the CMOS SCC is available in 
MIL Standard 883C for even more reliability assurance. 


We wrote the book on SCCs. 

Zilog’s NMOS SCC is widely used by the industry’s 
top names in system manufacturing. Our original SCC 
literature is the book that much of rest of the industry 
has used as a source. We offer a full complement of sup- 
port materials including application notes and a list of 
detailed answers to the most commonly asked questions. 

We’ve got lots more to tell you about the CMOS 
SCC. Not to mention some other very exciting Zilog 
SCCs, including the soon-to-be-released SMART SCC and 
INTEGRATED SCC. All off the shelf and backed by Zilog’s 
proven quality and reliability. Enough said. Contact 
your local sales office or your authorized distributor 
today. Zilog, Inc., 210 Hacienda Ave., Campbell, CA 
95008, (408) 370-8000. 


Right product. Right price. Right away. © ZilGG 


ZILOG SALES OFFICES: CA (408) 370-8120, (714) 838-7800, (818) 707-2160, CO (303) 494-2905, FL (813) 585-2533, GA (404)923-8500, IL (312) 517-8080, MA (617) 273-4222, MN (612) 831-7611, 
NJ (201) 288-3737, OH (216) 447-1480, PA (215) 653-0230, TX (214) 987-9987, CANADA Toronto (416) 673-0634, ENGLAND Maidenhead (44) (628) 39200, W. GERMANY Munich (49) (89) 612-6046, 
JAPAN Tokyo (81) (3) 587-0528, HONG KONG Kowloon (852) (3) 723-8979, KOREA (82) (2) 552-5401, TAIWAN (886) (2) 741-3125, SINGAPORE 65-235 7155, DISTRIBUTORS: U.S. Anthem Electric, 
Bell Indus., Hall-Mark Elec., JAN Devices, Inc., Lionex Corp., Schweber Elec., Western Microtech. CANADA Future Elec., SEMAD, LATIN AMERICA Argentina—Yel.-(1) 46-2211, Brazil—Digibyte (011) 241- 
3611, Mexico—Semiconductores Profesionales (5) 536-1312. 


So all you have to do is plug it in. 
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TEK’S NEW PRISM 3000 
FAMILY BREAKS THE LOGIC 
ANALYSIS BARRIER. 


The new Prism 3000 


== DISPLAY: HPRPSDPERFORMANCE RNALYSTS 
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Series is nothing less pase 
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_Sscur. 4. 


the evolution of logic pga 


£73.8419 as 
83. 50608 gs 


than a breakthrough in 


analysis: once you see 
what it can do, you peal 
may scarcely imagine 
doing without it. 

N ow digital designers 

and integrators can start 
with all the speed, chan- 
nels and memory depth 


they need— without tradeoffs. They 


Can mix-and-match tools for their 
specific needs, including 8, 16 and 
32-bit microprocessor debug mod- 
ules brimming with features never 
before possible in a logic analyzer. 
They can add other modules, such 
as for high-speed timing and wave- 
form analysis, later. 


The new dimension of 
hardware/software integration. 


4.694963 s 
Horizonte! Scale: Sie 
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microprocessors or time- 
bases simultaneously. Set up 


(Above, left) Real- 
time performance 
analysis as displayed 
on the Prism color 
monitor. (Left) The 
Prototype Debug Tool 
provides easy access 
to microprocessor 
control and debug 
functions, including 
the ability to set hard- 
ware and software 
breakpoints, and to 
patch registers and 
memory. 


the system, and more 
—without an emu- 
lator’s intrusiveness (or 
the long wait for new 


state and timing sections 


to cross-trigger, syn- ‘Tail; Complete front panel 
chronize and arm each ator vale "Controls are included 
other, so you know Use real-time perfor- on the Prism key- 
exactly when and in mance analysis to get —_2a"d, enabling users 
y to move easily from 


what time relationship atrue,non-statistical one Prism mainframe 


events occur. view of system to another. 
Push beyond performance. 

microprocessor [) : 

observation into ile 


of embed- 


The Prism 3002P 
configuration features 


emulator-like micro- 


a slide-away key- processor control. 
board and a 640x400 

flat panel display that W; | 
folds against the ith its unprece 
mainframe when not dented Prototype — 
in use. | Debug Tool, Prism is 


the first logic analyzer 
to let you set break- 

points, patch registers : 
and memory, restart / — 


ded control systems The clincher? You can 
willespecially benefit step into this new gen- 
——. fromhistogramsof eration of logic ana- 
a = = ~_i uncompromising lyzers at prices starting 


accuracy. 
Choosefrooma _— 
stand-alone version, 
expandable main- 


_at $8600 


HSPICE 


Convergence = Speed = Accuracy 


Mi Optimization 


= Model parameter generation from 
measured data 

= General circuit analysis using 
optimized models 

# Full circuit optimization—DC, AC, 
transient, distortion, noise, pole-zero 
and S-parameter analysis 


Mi New Features 


= Input and output algebraic equations 
and functions 

= Transmission Lines 

= New MOS Models for analog and 
submicron technologies 

= Auto stop option 


Models - Large Circuits - Optimization 


Hi DDL 2000 


m 2000+ discrete device library models 
for PCB designers. 

= Includes diodes, zener diodes, JFETs, 
BJTs, bipolars, powerMOS, op amps, 
comparators, timers and SCRs. 

™ Runs on Mentor workstations as a superior 
alternative to AccuSim™/AccuParts™ 


~ BEHSPICE 386 PC Version 


= Full HSPICE capabilities 

m Fast and accurate 

= $4,000 stand-alone price 

= Volume discounts available 


HSPICE meets ai// your engineering needs! 


= Automation of model characteristics 

m Circuit optimization 

# Full chip analog simulation 

= High frequency circuit design 

= Mixed S-parameter and transient design 


Visit us at the 
Bipolar Circuits and Technology Meeting 
Sept. 18-19 
and at the 1989 ICCAD 
Nov. 6-9 


AccuSim™ and AccuParts™ are trademarks of Mentor Graphics 


# Cell characterization | 
= Multi-vendor model support. 

= Mixed workstation vendor support 
= PC to Cray computing 
a Evaluation software available upon request 


ME TA-SOF T WARE 


50 Curtner Avenue = Campbell, CA= 95008 
Tel. (408) 371-5100 = Toll Free (800) 346-5953 | 
FAX (408) 371-5638 = Telex 910-350-4928 | 
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NEW PRODUCTS 
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ARRAY PROCESSOR 


@ Delivers 12.5M flops while con- 
suming 4.2W 
@ Performs a 1024-point complex 
FFT in 8.385 msec 

Designed for IBM PC/ATs and com- 
patible computers, the PL1250 32- 
bit floating-point array processor 
has a peak performance rating of 
12.5M flops and consumes 4.2W. It 
performs a 1024-point complex FFT 
in 8.385 msec and a 256 Xx 256-point 
real FFT in 2.25 msec. The soft- 
ware included with the board can 
manage as many as eight array 
processors in a single host, thereby 
providing a total capacity of 100M 
flops. The board performs all com- 
putations on data resident in its 
60k-byte static RAM. In addition, 
the board can access the host’s en- 
tire 16M-byte address space with- 
out placing the host into “pro- 
tected” mode. When the computer 
contains more than one array proc- 
essor, an operating system on each 


DISPLAY SUBSYSTEM 


® Consists of a 19-in. monitor and 
an IBM PS/2 controller board 
@ Displays two pages with 
1600 X 1280-pixel resolution 
The Cornerstone DualPage is a dis- 
play subsystem for IBM PS/2 Mod- 
els 50, 60, 70, and 80 computers. 
The subsystem includes a 19-in. 
gray-scale monitor and a 200-MHz 
controller board that can display 
two pages side by side at a 
1600 x 1280-pixel resolution. The 
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processor queues as many as 32 fun- 
damental library routine calls. The 
library contains 473 microcoded 
functions, which are also compatible 
with the company’s earlier prod- 


board can refresh the noninterlaced 
display at 67 Hz. The system comes 
with the company’s TrueFonts soft- 
ware, which uses antialiasing tech- 
nology to eliminate the jagged 
edges common in bit-mapped fonts. 
This feature enables you to view on- 
screen text as it would appear on 
a laser printer. In addition, True 
Fonts provides Times Roman, 
Helvetica, Symbol, and Courier 
fonts. The system comes with soft- 
ware drivers for popular word-proc- 
essing, desktop-publishing, spread- 
sheet, and CAD software packages. 
A 2-bit monochrome version, $2595; 
a 4- and 16-shade gray-scale ver- 
sion, $2850 and $3495, respectively. 
Cornerstone Technology, 1883 
Ringwood Ave, San _ Jose, 
951381. Phone (408) 453-9800. FAX 

408-453-3506. 
Circle No 352 


CA 


ucts. Processor and library, $2695. 
Eighteen Eight Labs, 771 Gage 
Dr, San Diego, CA 92106. Phone 

(619) 224-2158. 
Circle No 351 


ANALOG I/O CARD 


@ Has 16 analog inputs and two 
analog outputs 
® Contains an 8051 pC and a 33- 
kHz A/D converter 
The RSD7832 analog I/O card for 
the STD Bus has 16 single-ended 
analog inputs (eight differential), 
two analog outputs, eight digital 
outputs, a serial I/O port, a CMOS 
8051 wC, 64k bytes of EPROM, and 
32k bytes of RAM. The analog in- 
puts have voltage ranges from +25 
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mV to +10V and have voltage pro- 
tection to +32V. Its 12-bit A/D con- 
verter has a 33-kHz throughput 
rate; you can optionally increase the 
rate to 59 kHz. Its 12-bit D/A con- 
verter has a maximum update rate 
of 45 kHz and a minimum slew rate 
of 5V/uwsec. The card also features 
a bidirectional 128-byte FIFO 


One philosophy. Two systems. Ampro’s new Slot 
Board/286, like the Little Board/286, is a complete AT- 
compatible single board system. Each is equivalent to an 


choose between stackable systems with the Little Board/ 


Supports all standard PC/AT 
operating systems. DR-DOS is 
included with each board. 


Everything you need. 


for easier system implementation. 
in. Little Board/PC and Little Board/286 with their com- 


286 with its passive backplane for I/O and peripheral 
intensive applications. 


tors listed below for complete details on Ampro Little 
Boards or Slot Board/286. 


Allthe advantages of 
Ampros Little Board/286. 


Slot Board/286. 


AT motherboard and four expansion cards. Now, you can 


286 or passive backplane systems with the Slot Board/286. 
utilis PC/AT Software compatible. 


StackPlane™ or backplane. 512K 
to 4 MB on-board DRAM. Boot- 
able Solid State Disk. Disk controllers. Display controllers. 
A selection of I/O ports. Card cages and passive backplanes 


Better answers for embedded systems. Bolt-in or plug- 


pact, easy to build-in StackPlane architecture. Slot Board/ 
Available worldwide. Call Ampro or any of the distribu- 


Reps: USA - contact AMPRO for the name of your nearest rep. Australia - 61 3 720-3298; Austria - 43-1/45 4510-0; Canada - (604) 438-0028; Denmark — 45 3 66 
20 30; Finland - 358 0 585-322; France - 331 4502-1800; Germany, West - 49 89 611-6151; Hong Kong/PRC - 5 8613118; Israel - 972 3 49-16-95; Italy - 39 6 
811-9406; Japan - 81 3 257-2630; Netherlands - 31-10-411 8521; Sweden - 46 8 55-00-65; Switzerland - 41 | 740-41-05; United Kingdom - 0296-435511 


buffer interface for transferring 
data to and from the card. In addi- 
tion, each of the 16 input channels 
has a space to install a lowpass filter 
for noise reduction. $595. 

Robotrol Corp, 925 W San Mar- 
tin Ave, San Martin, CA 95046. 
Phone (408) 683-2000. 
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slot. 


asias 


Slot Board/286 Features 


e Math co-processor 
support 

e Real time clock 

e Low power (approx. 
8 Watts ) 

e Wide operating temp. 
range: 0) to 60° C 

e Low parts count. High 
reliability 

e Optional Mini Modules: 
Video controllers 
LCD Display Driver 
Serial/Parallel 
expansion 
Modem ... and more 


e IBM PC/AT compatible 

e 12 or 16 MHz 80C286 
CMOS CPU 

° Up to 4MB DRAM 

e On-board Bootable 
Solid State Disk 

e 2 serial ports (RS232C/ 


RS422/RS485 ) 

e Parallel printer port 

e AT Bus hard disk 
interface 

e Floppy disk controller 

e SCSI controller 

e Enhanced Award ROM 
BIOS 


All trademarks are the property of their respective owners 


(408) 734-2800 


saAVT=0 


SINGLE BOARD SYSTEMS 


Ampro Computers, Inc., 1130 Mountain View/Alviso Road, 
Sunnyvale, CA 94089. Telex: 4940302 FAX: (408) 734-2939 
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COUNTER BOARDS 


® Kor the STD and SBX buses 
® Feature 10 16-bit counter/timers 
The PIO-OPTO/CTC is a counter/ 
timer, parallel-I/O board for the 
STD Bus; it has 20 optically isolated 
or TTL inputs. The CDX-CTC/PIO 
is a similar board for the SBX bus; 
it contains 24 TTL-compatible I/O 
lines. Both boards feature two 
9513A counter/timer chips to pro- 
vide 10 16-bit counter/timers for 
waveform generation, frequency 
counting, and period measure- 
ments. Both boards have pull-up re- 
sistors on all inputs, which simplify 
interfacing. The input ports for the 
STD Bus board can accept ac or 
de signals. You can individually 
jumper each port to accept inputs 
in the TTL to 12V or 6 to 24V 
range. The SBX module contains an 
8255 parallel-I/O chip, which pro- 
vides 24 programmable parallel-I/O 
lines. PIO-OPTO/CTC, $425; CDX- 
CTC/PIO, $277 (OEM qty). 

Computer Dynamics Sales, 107 
S Main St, Greer, SC 29651. Phone 
(803) 877-8700. 

Circle No 354 


REAL-TIME COMPUTER 


@ Uses a 68020 wP operating to 20 
MHz 
@ An ASIC provides message pass- 
mg, DMA, mailbox interrupts 
The CPU-26 real-time single-board 
computer for the VMEbus uses a 
68020 wP and a 68882 floating-point 
unit operating at 12.5, 16.7, or 20 
MHz. It also utilizes an ASIC to 
provide message passing, mailbox 
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Introducing DrawingMaster’ From CalCom 


At last a plotter that sets you free to do what you do 
best: plan, design and manage. 

The superior reliability of DrawingMaster’s advanced 
direct imaging technology gives you the power to 
output clean, sharp A to D size plots within minutes. 
And with a lot less effort. 

How? DrawingMaster uses direct thermal imaging. 
So there are no chemicals, toners, ribbons or pens 
to slow you down. Which makes it convenient and 
easy to use. 

What’s more, DrawingMaster’s automatic paper 
cutter and optional media take-up reel free you up 
to do more important things. Which translates into 
productivity beyond your imagination. 

As for output versatility, DrawingMaster’s three 
printing modes give you the choice of quality or 
speed with Qualplot, Quickplot and Normal settings, 
including two-color capability on the same plot. 

In a multi-workstation environment, Drawing- 
Master is the ideal shared resource solution. With 
4:1 MUX, you can link as many as four workstations 


We draw on your imagination and DrawingMaster are CalComp tradmarks. ©1989 CalComp Inc. 
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at one time. Plus, it has a small footprint for the 
most efficient work spaces. So whether you plot at 
your own desk or in a group setting, DrawingMaster 
gives you the freedom to work where you want. 

But best of all, DrawingMaster is packed with all 
of these features at a price that’s way below 
monochrome electrostatics. Plus, it comes with 
CalComp’s 90-day warranty, 30 years of experience, 
and 800 hotline for technical service and support. 

For performance and reliability, DrawingMaster lets 
you get down to the business at hand. And honestly, 
wouldn't you rather spend your time doing what 
you do best? 

Set your imagination free by calling 800-CALCOMP, 
toll free, and ask for your free information packet. 

Or write to us at CalComp, P.O. Box 3250, Anaheim, 
CA 92803. In Canada, call (416) 635-9010. 


Wedrawon 
your imagination. 
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New BoardSite In-Circuit Programmers 


PROGRAM 


YOUR EPROMS 


ON THE 
BOARD! 


Data |/O®’s in-circuit pro- 
gramming expertise can 
dramatically reduce your 
production programming 
costs. We can help you 
streamline your assembly 
process, reduce device 
inventory and handling, 
and eliminate device 
sockets. 

Now in-circuit program- 
ming is easier than ever. 
BoardSite™ brings new 
levels of flexibility and 


multi-level, menu-driven 

user interface makes oper- 

ation easy. Ps. 
CALL TODAY for 

your FREE copy 

of “Introduction 

To In-Circuit 

Programming” 

plus more 

about BoardSite. 


COMPUTERS & 
PERIPHERALS 


interrupts, DMA, and VMEbus in- 
terfaces. The board employs an 8- 
bit, 8-byte-deep FIFO message 
buffer and an 8-bit-wide high-prior- 
ity message register. The byte- 
wide configuration enables the 


economy to in-circuit pro- 
gramming. It's PC-based 
for versatility and low sys- 
tem cost. Easy, do-it-your- 
self configurations mean 
fast, in-house changes and 
low NRE costs. And the 
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1-800-247-5700 
Ext. 982 


DATA I/O 


Corporation 


passing of 256 messages. Any VME 
master can deposit a message in the 
buffer or register. In addition, the 
board augments the seven hard- 
ware interrupts on the VMEbus 
with eight software mailbox inter- 
rupts. The board’s software in- 
cludes the company’s VMEPROM 


5 S 
ee : : 


Rogers’ Micro/Q®1000 decoupling capacitors mated with your IC 
dramatically reduce voltage noise spikes and EMI/RFI. 


The close proximity of the capacitor to the IC maximizes noise 
suppression. Same holes. Same space. No redesign. 


Low inductance means low impedance over a wide frequency 
range. Makes the Micro/Q 1000 capacitor super effective at 
decoupling a wide bandwidth of frequencies with the fol- 
lowing types of ICs: DRAMs, SRAMs, Video RAMs, - 
EPROMs, MPUs, Bus Drivers/Buffers, and various ‘SS 
logic families. Available on 0.3", 0.4”, and 0.6” body 
widths with various pinouts and lengths. 


Micro/Q® is a registered trademark of Rogers Corporation. 
Another MEKTRON® Interconnection Product. 


A quiet relationship. That’s making a lot of noise around the 
industry. Micro/Q 1000 and you. 


For all the facts on the Micro/Q 1000 capacitors call a Rogers’ 
Product Specialist today at (602) 967-0624. (Fax 602-967-9385). 
And ask for a free sample. 


Technology for tomorrow built on TQC today. 


@ ROGERS 


Rogers Corporation 

Circuit Components Division 
2400 S. Roosevelt Street 
Tempe, AZ 85282 
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X-ray: XD/P™ Male Connector with Dual Compliant Pins 


a nT 


A revealing look at the difference in 
high density PCB connector systems. 


The X-ray of our XD/P™ high density PCB connector 1.5 oz. (avg.), but maintains high normal force of 75 g. (avg.). 
emphasizes that what’ inside a connector makes the difference Multiple contact and hardware options 


a en e The XD/P™ connector line includes plating, signal, and 


To help you make the best choice in PCB connector systems 7 : : 
: : ardware options to satisfy virtually any requirement. 
we offer a close look at our XD/P™ connector line, with up to P y — 


684 positions. Feature for feature, we invite comparison. The company behind the product 
A close look at our company will reveal our strong financial 


Made straight to mate straight position, our commitment to the future, and our ability to 
e Stress-free molding eliminates warping in large connectors. support you worldwide. Write for our Annual Report — it’s 
e .114” nominal engagement length of pin and socket ensures like an X-ray of our company. 
reliable mating. To take a close look at our comprehensive XD/P™ connector 
A perfect fit for any board line, and for the location of our nearest stocking distributor, call 


e FLEX-FIT™ compliant pin fits board thicknesses of .062” to 1-800-344-4744. 


-125" for high density multi-layer PCB designs. Thomas & Betts Corporation, Electronics Division, 
e FLEX-FIT™ dual compliant pin design allows front or rear 1001 Frontier Road, Bridgewater, NJ 08807, 201-685-1600 


removal and replacement. 

Easier board-to-board insertion 

e Unique contact geometry reduces per contact insertion force to : 
ThomaséBetts 


Thomas & Betts facilities in Australia: Wyong North N.S.W., 43 53 2300; Canada: Ontario, 416-858-1010; France: Rungis Cedex, 1-46 87 23 85; Hong Kong: 
Kowloon, (852) 3-7391286; Italy: Milan, 02-61 20 451; Japan: Tokyo, 3 791 6411; Mexico: Naucalpan, 905 393 85 10; Singapore: 747 0244; Spain: Barcelona, 
03-3 00 22 52: Sweden: Upplands Vasby, 07 60-8 81 10; Taiwan: Taipei, 2 713 0509; United Kingdom: Dunstable 0582-608101; West Germany: Egelsbach, 0 61 03-40-40. 
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¢ € @ 
Anti-Alias Filters Sil 
to Match installed in EPROM, which pro- 
A / b C ri Ni d vides a real-time operating-system 
k LIt<al lud Fujit 
onverrer Needs eS 
ern Digital WD1772 floppy-disk- 


650/670 Series . a drive controller, two 24-bit and four 
Fixed Frequency, - teeta. 2 | 8-bit timers, and two 68562 dual 
Cauer Elliptic >t universal serial-communication con- 
Filters for ri) trollers. A 12.5-MHz 68020 and 
8, 10, 12, and cen 68882 board with 1M byte of mem- 
14 Bit A/D’s : ory and floppy and SCSI controller, 
| $4990. 
Force Computers GmbH, Prof- 
Anti—Aliasing Filter Messerschmitt-Strasse 1, D-8014 


Neubiberg, Munich, West Ger- 
many. Phone (089) 608140. FAX 
089-6097793. 
Circle No 355 
Force Computers Inc, 3165 Win- 
chester Blvd, Campbell, CA 95008. 
Phone (408) 370-6300. FAX 408- 
374-1146. 


Features: 

¢ Extremely steep roll-off 

¢ Up to 90 dB attenuation level 

¢ Close unit to unit gain and 
phase matching 

¢ Plug in, ready to use, fully 
finished, filter module 

¢ 5th (650) and 7th (670) order 
active lowpass filters 

¢ Requires no external components 


| Other Filter Products available: 


¢ Linear phase * Programmable 
¢ Fixed Frequency « Instrumentation 
¢ Custom Designs 


For more information, @w FREQUENCY 
please call us at (Tw DEVICES 


508-374-0761. 
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MICROCONTROLLER 


© Board has an 80C52-Basic wC 
and 64k bytes of RAM 
® Contains a Basic interpreter and 
operates from dc to 12 MHz 

The RTC52 microcontroller board 
comes in a 3’4X3'4-in. form factor. 
The all-CMOS board uses the com- 
pany’s 80C52-Basic C, which is 
a CMOS equivalent of Intel’s 
8052AH-Basic wC. The board oper- 
ates from de to 12 MHz and contains 
a Basic interpreter. It provides 64k 
bytes of RAM or EPROM, a 12-bit 
TTL parallel port, and an RS-232C/ 
RS-485 serial port. A stacking-bus 
architecture allows you to stack 
other boards in the company’s RTC 
series such as A/D, D/A, parallel- 
I/O, and serial-I/O boards. You can 
also network the board to other 
RTC controllers or MS-DOS micro- 
computers using the company’s MC- 
NET control-networking software. 
$99 (100). 

Micromint Inc, 4 Park St, Ver- 
non, CT 06066. Phone (203) 871- 
6170. TLX 6433831. FAX 203-872- 
2204. 
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SRAM Modules 
128K x 8/30ns 


Clock in at some of the high- 
est speeds in the industry with 
Micron’s family of super high qual- 

ity, super Fast SRAM modules. 

Our SRAM modules feature low- 
power, CMOS-design memories that 
produce record-breaking speeds of 30, 35 
and 45ns. They’re the only modules that 
offer our unique protection circuitry which 
enhances performance. And the 128K X 8 
modules are fully compatible with next-gener- 
ation monolithic 128K X 8 chips. 

We offer a variety of SRAM and DRAM mod- 
ules manufactured to industry-standard and custom 
specifications. So, no matter what your application, 
Micron can help you design and develop a solution. 

For more information about Micron SRAM and 
DRAM modules, call us today at 1-208-386-3900. And 
discover how we can help you beat the clock. 

Micron. Working to improve your memory. 


ORGANIZATION PACKAGES SPEED 


SRAM MODULES 


64K X 16 40-PIN DIP 30, 35, 45 
32K X 16 40-PIN DIP 30, 35, 45 
64K X 32 64-PIN ZIP 25, 30, 35, 45 
16K X 32 _ 64-PIN ZIP 25, 30, 35, 45 
DRAM MODULES* 
512K X 36 SIMM/ZIP 80, 100, 120 
256K X 36 SIMM/ZIP 80, 100, 120 
1MEG X 8/9 SIMM/SIP 80, 100, 120 
256K X 8/9 SIMM/SIP 80, 100, 120, 150 
64K X 8/9 SIMM/SIP 80, 100, 120, 150 
64K X 4/5 SIMM/SIP 80, 100, 120, 150 


* Micron offers a variety of packages configured in both standard and low profile versions. 
Access Cycles offered are Fast Page Mode, Page Mode, Static Column and Nibble Mode. 


MIERON 


TECHNOLOGY, INC. 


2805 E. Columbia Road, Boise, Idaho 83706 208-386-3900 


Garnet LPE film for 
optical isolators 


TOKIN TECHNOLOGY UPDATE 


Crystals for Demanding Needs 


Laser diodes are a critical light 
source for optical communi- 
cations and memories, but 
noise generated by outside 
reflected light can cause a 
significant drop in perform- 
ance. TOKIN’s Garnet LPE 
(Liquid Phase Epitaxy) 
Film, with its superior mag- 

| characteristics, 


netooptica 


“3 


makes an outstanding Faraday 
rotation isolator to prevent 
light from reflecting back to 
the diode. And it’s one of 
many Tokin crystal products 
designed to meet your needs. 


Acoustooptic modulation 


(TeO2) is the perfect material 
for acoustic modulators and 

deflectors, a key component 
of laser printers, color scan- 

ners and spectrum analyzers. 
With an optically transparent 
wavelength of 0.35 ~5ym, it 


light lasers (suc 


Garnet LPE Films for optical 


rotation angle (deg. 
loss (dB/45°)* 


_ 


nction ratio (dB)* 


medium ¢ Garnet LPE ome rm 
) ° let ¢ stant (deg /Oc ) 
TOKIN S Tellurium _ Insertion loss (dB/45°)* 


Dioxide Single Crystal 


* With anti-reflection coat, magnet 


Tokin Corporation 


Hazama Blidg., 5-8, Kita-Aoyama 2-chome, Minato-ku, Tokyo 107, Japan 


TOKIM 
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Phone: 03-402-6166 Fax: 03-497-9756 Telex: 02422695 TOKIN J 


Tokin America Inc. 


155 Nicholson Lane, San Jose, California 95134, U.S.A. 
Phone: 408-432-8020 Fax: 408-434-0375 

Chicago Branch 

9935 Capitol Drive, Wheeling, Illinois 60090, U.S.A. 
Phone: 312-215-8802 Fax: 312-215-8804 


is ideally suited to modula- 
tion and deflection of visible 


laser [441.6 mm]). 

For acoustooptic light 
deflectors in laser printers, 
facsimiles and other record- 


of Faraday rotation by temper. 
Field for saturation magnetization(Oe) 
* With anti-reflection coat ** Wavelength at 1.3 4m 


ti 


‘Field for saturation magnetization (Oe) 


ing equipment, TOKIN offers 
Lead Molybdate Single 
Crystal (PbMoOs). This 


material permits higher 
frequencies, a wider band- 
width, high diffraction 
efficiency and high temper- 
ature stability—all of which 
add up to high-speed deflec- 
tion. Yet another Tokin 
crystal product with an avid 
following. 


has He-Cd 


Call us now. 


isolator (1.3 and 1.55 ym) 


nsor (0.8 »m) 


=i 
ic garnet film = 30m. 


Tokin Electronics (H.K.) Ltd. 


Room 806 Austin Tower, 22-26A Austin Avenue, 
Tsimshatsui, Kowloon, Hong Kong 

Phone: (3) 679157~9 Fax: (3) 7395950 
Taiwan Liaison Office 

7/F-2, No.200, Sec.3, Hsin-Yi Road, Taipei 
Phone: (02) 7059310-~1 Fax: (02) 7015650 


Munchen Liaison Office 


Elisabethstra&e 21, 8000 Munchen 40, Bundesrepublik Deutschland 
Phone: (089) 271 75 22 Fax: (089) 271 75 67 
Telex: 5 24 537 tokin d 


You can reach our agents by phone: Denmark (03) 63 3830; France (1) 45-34-7535; Italy 
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NEW PRODUCTS 


COMPONENTS & POWER SUPPLIES 


SENSORS 


@ Operate in harsh environments 
@ Work on ac or de 
Comet photoelectric sensor cir- 
cuitry is embedded in an impenetra- 
ble plastic package, allowing the 
units to work in the harshest envi- 
ronments. The units are available 
in nine off-the-shelf versions: prox- 
imity mode sensors with 8- and 24- 
in. detecting distances; Perfect 
Prox mode sensors with 2- and 9-in. 
detecting distances; reflex mode 
sensors with infrared and red light 
sources; a polarized reflex mode 
sensor; fiber-optic sensors; and a 
through-beam sensor. All models 
except the through-beam unit are 
available in either ac/dc or dc-only 
versions. The through-beam sensor 
is available in dc-only versions. AC/ 
DC versions, $100 to $125; de-only 
versions, $70 to $125. | 

Opcon Inc, 720 80th St SW, Ev- 
erett, WA 98203. Phone (206) 353- 
0900. 

Circle No 358 


TRIMMERS 


@ Designed for surface-mount ap- 
plications 

@ Operate to 125°C 

Designed for surface-mount applica- 
tions, ST-5 0.25-in.-square trim- 
mers can withstand vapor-phase re- 
flow cycles as high as 215°C for 3 
minutes. They are also sealed to ac- 
commodate board washing proce- 
dures. Resistance values range 
from 100 to 2 MQ. Other specs in- 
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clude a 250-mA power rating, a 
200V dc operating voltage, a —55 
to +125°C operating range, and a 
rotational life of 200 cycles with a 
maximum shaft torque of 200 g-cm. 
The trimmers are available in tape- 
and-reel packaging, which provides 
500 pieces per reel. Shock and vi- 
bration figures equal 100 and 20g 
at 10 to 2000 Hz, respectively. $1.95 
(5000). 

Mepcopal Co, 11468 Sorrento 
Valley Rd, San Diego, CA 92121. 
Phone (619) 453-0332. 

Circle No 359 


TRANSISTORS 

@ Rated for 60A 

@ Switch off in 2 usec 

PTC3000 Series devices are high- 
voltage, high-current, fast npn 


transistors. The PTC3400, 3500, 
and 3600 are rated to handle cur- 
rents of 40, 50, and 60A, respec- 
tively. All three units have a 600V 
rating. At rated currents, storage 
times for the 3400, 3500, and 3600 
equal 1.5 psec, and fall times equal 
500 nsec. All units are encapsulated 
in TO-63 stud packages and have a 
thermal resistance of 0.44°C/W and 
a power dissipation of 400W. The 
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transistors are available tested to 
MIL-STD-750 specifications. $45 to 
$68 (100). 

Power Technology Compo- 
nents, 23201 S Normandie Ave, 
Torrance, CA 90501. Phone (213) 
534-3737. TLX 664276. FAX 213- 
530-5609. 

Circle No 360 


CHIP RESISTORS 


@ Feature 0.1% tolerance 
@ Resistance values range to 100 
kQ 

TNPW1206 Model chip resistors 
feature a 0.1% tolerance and are 
available with resistance values 
ranging from 49.90 to 100 kQ. Ver- 
sions are also available with 0.5% 
tolerance. The units are reflow 
solderable and available on 8-mm 
reel packaging that’s compatible 
with automatic placement equip- 
ment. Power rating equals 125 mW 


at 70°C, and maximum operating 
voltage is 100V. Over an operating 
range of —55 to +150°C, tempera- 
ture coefficient equals +25 ppm/°C. 
To enhance reliability, the wrap- 
around end terminations feature a 
nickel barrier covered by a solder- 
able coating that protects the inner 
electrode. $0.55 (10,000). Delivery, 
stock to eight weeks ARO. 

Dale Electronics Inc, 1122 23rd 
St, Columbus, NE 68601. Phone 
(402) 371-0080. 

Circle No 361 


MIL-STD-883C 
NOTICE -6 
Methods LO1LL & 1014 


OPTOCOUPLER 


@ Rated for 600V at 2A 

® Triggers with only 4-mA inputs 
The [L428 is rated for 600V at 2A 
and is housed in a SIP. It consists 
of a GaAs infrared LED optically 
coupled to a nonzero-crossing triac 
network, which consists of two in- 
verse parallel-connected monolithic 
SCRs. The 600V_ blocking-voltage 
rating allows the unit to control off- 
line voltages as high as 240V ac. 
Static and commutating dv/dt equal 
10,000V/ysec, and input-to-output 
withstand test voltage equals 
7500V ac pk. Typical trigger cur- 
rent measures 4 mA, enabling the 
direct logic drive to control loads 
as high as 750W. No heat sink is 
required for 2A operation. $4.93 
(1000). 

Siemens Components Inc, 19000 
Homestead Rd, Cupertino, CA 
95014. Phone (408) 725-3405. 

| Circle No 362 


ed leak rate- Measured leak rate (R,) is defined as the leak rate of a given 
e aS measured under specified conditions and employing a specified test 

- Measured leak rate shall be expressed in units of atmosphere cubic 

eters per second (atm cc/s)- For the purpose of comparison with rates 

ined by other methods of testing. the measured leak rates must be converted 
ivalent standard leak rates- 


lent standard leak rate- The equivalent standard leak (L) of a given 

@e1 with a measured leak rate (R,).1 is defined as the leak rate of the same 

e with the same leak geometry, that would exist under the standard 

ions of l-la- The formula (does not apply to test condition B) in 3-1-1l-2 
ents the L/R ratio and gives the equivalent standard leak rate (L) of the 

e with a measured leak rate (R,) where the package volume and leak test 
1oning parameters influence the measured value of (R,)- The equivalent 

rd leak rate shall be expressed in units of atmosphere cubic centimeters per 


Military Language. 
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BYTE-WIDE SWITCH 


®@ Satisfies high-density packaging 
needs 

@ Available in two versions 

The HDMP-8 is an 8-pole double- 
throw compression-indexed snap- 
action switch with gold-plated 
stressed elliptical contacts. The con- 
tact mechanism has fewer parts 
than conventional double-throw 
switches, allowing the unit to be 
built into a high-density package 
with 0.05-in. pin spacing. The 5-mQ 
contact resistance is transparent to 


circuit operation. The switch is well 
suited for routing a digital byte or 
as many as eight analog signals. 
Two versions are available: the 
HDMP-8 has an actuator knob, and 
the low-profile HDMP-8B (0.25-in. 
above-board height) has a screw- 
driver slot. $6.50 (100). 

Annulus Technical Industries 
Inc, Box 7407, Ancaster, Ontario, 
Canada L9G 4G4. Phone (416) 648- 
8100. FAX 416-648-8102. 

Circle No 363 


LED LIGHT BARS 


® Contain as many as eight LED 
chips 

@ Available in three colors 

Series LI'L-2000 LED light bars 
are available in six  sizes— 
0:5:* 0.25, 0.35*0.15, 0:75 <90.15, 
0.35 x.0.85, 0.35x0.75, and 0.35 x 
0.15 in. Depending on size, the light 
bars contain anywhere from two to 


eight LED chips. Choice of colors 
includes high-efficiency red, high- 
efficiency green, and amber yellow. 
Brightness figures range from 5 to 
10 med at 10 mA. All the light bars 
are designed to mount directly on 
pe boards or in standard DIP sock- 
ets. $0.72 (1000) for 0.35 x 0.15-in. 
unit. Delivery, stock to six weeks 
ARO. 

Ledtronics Inc, 4009 Pacific 
Coast Hwy, Torrance, CA 90505. 
Phone (218) 549-9995. FAX (218) 
549-4820. TLX 4915454. 

Circle No 364 


Use for all thermal shock testing. 


Use for all hermetic seal testing. 


& fa 
Plain English. 
testing, you simply use our new FC-6046 
and/or FC-6047 fluids. 

Simple. 

These new fluids have been formulated 
specifically to meet all the military standards. 
And since they can be used to replace all 
other fluids, your confusion about what to use 
is eliminated. 


We've even added some improvements. The 
useful life of FC-6001 and FC-6003 is 10 times 
greater than the fluids they replace. 

For specifications and information on these 
new FC-6000 series fluids, write 3M Industrial 
Chemical Products Division, Dept. RAM, 
3M Center Bldg. 223-6S-04, St. Paul, MN 


If the new Military Standard 883C Notice 8, 
Test Methods 1011 and 1014 rules are a little 
hard to understand, here's the translation. 

Now, for Test Method 1011 for thermal shock 
testing, you simply use new FC-6001 and 
FC-6008 fluids from 3M. 

And for Test Method 1014 for hermetic seal 
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FROM THIS... TO THIS. 


Durel” Electroluminescent (EL) lighting eliminates 
the wasted space, energy, and heat of incandescent bulbs. 


KL is light years ahead: No catastrophic failure. No filament 
to break. Immune to shock and vibration. 


Uniform surface brightness and color: A single Durel lamp 
can replace a group of individual incandescent bulbs and costly 
light pipes. 


Low power consumption: Typically less than 2mA per sq. in. at 115V, 
400Hz. Ideal for battery power and low-current drain applications. 


Thin: Nominal thickness of 0.024” (0.6mm) for space-efficiency. 
Pliable: Flexibility permits bending to fit unique shapes. 

High visibility in smoke/fog: Ideal for emergency lighting. 

Call or write for information. 


DUREL CORPORATION 


™™™. AN AFFILIATE OF 3M AND ROGERS CORPORATION 
645 WEST 24TH ST.* TEMPE, AZ 85282 * 602-731-6200 
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DID YOU KNOW? 


Half of all EDN’s 


articles are staff-written. 


EIDIN 


COMPONENTS & 
POWER SUPPLIES 


ATTENUATORS 


® Have a 1- to 20-dB attenuation 
range 
® Available in DIP, TO-5, or chip 
packages 

Units in this family of fixed-pad at- 
tenuators are available in TO-5, 
DIP, and surface-mount chip ver- 
sions. The TO-5 and DIP units are 
designed for pc-board mounting and 
have a 1.35:1 VSWR; chip devices 
are designed for stripline or micros- 
trip technology and have a 1.1:1. 
VSWR. All units are available in 
values ranging from 1 to 20 dB. 
They exhibit an accuracy of 0.2 dB 
or 2% of nominal value and operate 
over a range of de to 1 GHz. Be- 
cause the devices are constructed 
of thick-film alumina, they can dissi- 
pate more power than comparably 
sized thin-film devices. TO-5 and 
DIP units, $14; chip versions, $4 
(1000). 

Telonic Berkeley Inc, Box 277, 
Laguna Beach, CA 92652. Phone 
(714) 494-9401. FAX (714) 497-7331. 

Circle No 365 


DC/DC CONVERTERS 


® Designed for the military market 
® Output either 10 or 20W 
Available with either single or dual 
outputs, these dc/de converters 
have outputs of 10W for the 9010 
Series and 20W for the 9020 Series. 
Featuring power densities of 2.5 
and 5W/in.’, respectively, the con- 
verters operate on inputs of 18 to 
32V and output levels ranging from 
o to 24V. Efficiencies equal 70% 
min, and the switching frequency 
measures 350 kHz. Isolation equals 
100V between input and output and 
between input/output and case. The 
converters feature overvoltage pro- 
tection as standard and operate 
over a —55 to +100°C range. $695 
to $805 (100). Delivery, 26 weeks 
ARO. 

Tecnetics Inc, Box 910, Boulder, 
CO 803806. Phone (803) 442-3837. 
TWX 910-940-3246. 

Circle No 366 
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Tex 
Single Cell 


Black and White 
— Displays. 

An Important 
Advancement in 
LCD Technology. 


LC 
C1 
| | Less Power 

| |] Less Weight 

| |] Thinner Design 
|] Lower Cost 


For details, write or call our sales office. 


oS 


One call can turn 
your bright new ideas 
into reality. 
23399 Commerce Drive ¢ Farmington Hills, MI 48024 ¢ (313) 471-6220 
Optrex Corp. A Joint Venture By Asahi Glass & Mitsubishi Electric 
| CIRCLE NO 90 | 


ee: 


* 


pees 
hese ese 


vere 


For the name of your nearest distributor in Europe, call 44-296-625462. Or contact Applied Microsystems Corporation Ltd., Chiltern Court, High Street, Wendover, 


Aylesbury, Bucks HP22 6EP, United Kingdom. In Japan, call 03-493-0770. Or contact Applied Microsystems Japan Ltd., Nihon Se 


Gotanda, Shinagawa-KU, Tokyo T141, Japan. 


, Nishi-Gotanda Building, 7-24-5 Nishi- 


imel 


AMC 240 
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D AHEAD 


INTRODUCING THE FIRST 33-60 MHz 
MICROPROCESSOR EMULATOR 
FOR THE 68020 AND 68030. 


Put your phone in front of you and get ready. 
You're about to get in touch with the future of high 
speed microprocessor emulation. 

For quite some time Applied Microsystems has 
been designing a radical new concept in 32-bit develop- 
ment. Now its ready. The EL 3200. 

Its capable of not only matching current speeds, 
but can efficiently expand to support faster speeds and 
advanced 32-bit microprocessors of the future. 

The news is not just speed, but how the EL 3200 
gets up to speed. 

It runs at full target clock speed—33 MHz for 
68020 and 68030. It fully supports 68030 cache burst 
and synchronous bus cycles. And, since it sits as a node 
right on the trunk of your Ethernet network, the 
EL 3200 can be accessed from any workstation. 

The EL 3200 offers your choice of source level or 
symbolic debugging. Whether you want to work in 
Assembly or C, we can provide the software tools for 
your exact needs. 

The sophisticated breakpoint system has hun- 
dreds of real-time access breakpoints, six real-time exe- 
cution breakpoints and unlimited software execution 
breakpoints. As an option, you can have up 2MB of no 
wait state overlay memory that runs at full clock speed, 
so there are no restrictions on memory, software or 
interrupts. The 16K deep by 139 bit wide trace provides 
true 32 bit support. 

Seeing is believing. For a demonstration or more 
information, pick up your phone. 

Dial full speed ahead and ask for Telemarketing. 
In WA (206) 882-2000. 

Applied Microsystems Corporation, PO. Box 
97002, Redmond, Washington, USA 98073-9702. 


L800 SION 


Applied Microsystems Corporation 
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Their way. 


Dr. Juchli 924 STR 
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ere’s 


how fo turn a relay 


with 2 changeover contacts into one with 4. 


The MT4, our new relay with 4 changeover con- 
tacts, hardly occupies more board space than the 
MT2, our relay with 2 changeover contacts. 

So if you need 6 twin changeover contacts on 
your board, simply install an MT2 and an MT4. 
Two relays of virtually identical size. 

And the expensive space you formerly needed 
for a third MT2 is now free for other important func- 
tions. 

Plus: less testing, less component cost, less assem- 
bly effort, greater reliability. 

What more can you want? 

(The new MT4: Power consumption at 20°C 300 mW. 
Temperature range -55°C to 85°C. Space occu- 
pied per contact 12 M2.) 


Vv 


I'm interested in the new MT4 relay. Please send me 


your literature. EDN 14-09-89 


Company 
Name 


Address 


Telephone 


Standard Telephon und Radio AG 
CH-8055 Zurich/Switzerland, Friesenbergstrasse 75 


ALCATEL 


STR 
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Lateral entry increases youroutput up 
to 400%, by eliminating rework and 
scrap without increasing labor costs. 


That's why it’s logical to terminate 050” flat 
cable with LAT-CON connectors. In this unique 
system, the cover and socket are supplied 
joined on one side with the opposite side 
open. This permits fast and accurate lateral 
entry and termination of the flat cable when 
used with Panduit’s unique, inexpensive 
tooling. 


And the patented design makes it logical to 
use the same connector for both end and 
_ daisychain terminations, allowing you 
to cut your inventory costs and 
boost your productivity. 


Visit PANDUIT at the ASSEMBLY TECH SHOW, Booth 2107 


Pannuit LAT-CON Connector System 


Lateral is Logical 


Panduit’s logical LAT-CON system gives you all 
these benefits: 


~ Broad line of 050” products, including 
sockets, card edge and transition con- 
nectors; three styles of headers. 


© Selective gold or tin plating options on high 
quality contacts. 


© Applicable products U.L. recognized and 
MIL-C-83503 Intermateable. 


* Custom coding available without loss of 
contact. 


~ Full line of time-saving termination tooling, 
including high volume reel-fed system... 
designed to lower your installed cost. 


Be logical—go lateral. Call today for FREE 
Samples or a Productivity eperovement 
Demonstration. 


1-800-323-2428 (in Illinois 1-312-887-1000) 


PANDUI : CORP 


ELEC I MONICS GHUOUF 


Tinley Park, IL 60477-0981 
In Canada: Panduit (Canada) Limited 
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TWISTITE 


MAGNET WIRE 


For superior performance and tighter 
control over twisted wire construction. 


Developed for use in the production of 
custom toroid, ferrite or recording head 
coils, specialty audio and R.F transformers, 
TWISTITE offers a number of distinct 
advantages. 
TWISTITE is custom produced to offer 
a wider range of twisting construction. 
Manufacturing capabilities include: 
¢ Up to 35 Twists Per Inch on fine wire. 
¢ Twisting tolerance as tight as +1%. 
¢ Tightly controlled capacitance, induc- 
tance and impedance characteristics. 

¢ Up to 10 colors in some sizes for conduc- 
tor identification. 

¢ Huge selection of insulations: NEMA 
MW 1000, JW1177, 105-220°C (single 
through quadruple film builds). 

¢ Wide range of sizes: 24 AWG and finer. 

¢ Wide variety of conductor materials: 
copper, silver, plated conductors, and 
special alloys. 

Call or write for your free copy of our 
Technical Data Booklet and Capabilities Bro- 
chure. Both contain valuable information 
on all wire produced and 
inventoried by MWS Wire 
Industries. Samples of 
TWISTITE are available 3a 
upon request. z= 


KXWS 


Wire Industries 


31200 Cedar Valley Drive, Westlake Village, CA 91362 
CALL TOLL FREE 800 423-5097 
In California 800 992-8553. In L.A., 818 991-8553 


TWISTITE: is a trademark of MWS Wire Industries 
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NEW PRODUCTS 


DISPLAY DRIVER 


@ Drives two 7-segment LEDs 
@ Used to indicate PC operating 
speed 

The AMFDD frequency display 
driver contains two 7-segment LED 
drivers for use in a 2-digit, floating- 
point display of a personal com- 
puter’s operating frequency. De- 
signed for use in computers with 
multiple system-clock frequencies, 
the complete display unit with the 
autoswitching FDD chip will dis- 
play a frequency range of 0.1 to 39 
MHz. The display unit need only 
consist of two common-anode 
LEDs, two resistor packs, and an 
FDD chip. The FDD continuously 
samples the system clock and auto- 
matically reconfigures itself to dis- 
play the correct frequency, without 
the need to change jumper settings 


MOSFET DRIVER 


@ Adaptive circuit provides protec- 
tion 
@ Has an emitter-follower output 
The 8i9910 is a single-channel, non- 
inverting driver that adapts to the 
operating conditions of the power- 
driven MOSFET, thus providing 
protection for the MOSFET while 
optimizing the gate drive. Designed 
to drive a wide range of power 
MOSFETs in motor-control applica- 
tions, the Si9910 contains a Schmitt 
trigger input and a low-impedance, 
emitter-follower output. On-chip 
circuitry protects the MOSFET 
against excess dv/dt and di/dt, un- 
dervoltages, and overcurrent condi- 
tions by monitoring the operating 
conditions via feedback loops and al- 
tering the drive output. The driver 
is specified for operation over the 
industrial temperature range and 
comes in an 8-pin DIP. $1.71 (100). 
Siliconix, 2201 Laurelwood Rd, 
Santa Clara, CA 95054. Phone (408) 
970-5200. 
Circle No 368 
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INTEGRATED CIRCUITS 


in the PC. The input to the display 
unit consists of four lines that inter- 
face with the system clock, refer- 
ence clock, and the power signals. 
20-pin DIP, $4.95 (100). 


PRECISION OP AMP 


® Operates at low current 

@ Has low offset voltage 

Optimized for operation from a sin- 
gle 5V supply, the LT1077 preci- 
sion, micropower op amp is also 
fully specified for operation from a 
+15V supply. Operating at a sup- 
ply current of 60 pA (max), the 
LT1077 features an offset voltage 
of 40 wV (max) and an offset current 
of less than 0.35 pA. The op amp’s 
0.1- to 10-Hz peak-to-peak voltage 
and current noise are 0.5 wV and 
2.5 pA, respectively. The gain- 
bandwidth product is 250 kHz. Pin 
compatible with other industry- 
standard precision op amps, the 


Amax Applied Technology Inc, 
3001-A W Mission Rd, Alhambra, 
CA 91803. Phone (818) 300-8828. 
FAX 818-282-9992. 

Circle No 367 


LT1077 offers 10 to 60 times lower 
power dissipation, according to the 
company. The device is available in 
8-pin plastic or ceramic DIPs, 8-pin 
small-outline packages, and metal 
cans. Commercial, industrial, and 
military temperature ranges are 

available. From $1.65 (100). 
Linear Technology Corp, 1630 
McCarthy Blvd, Milpitas, CA 

95035. Phone (800) 637-5545. 
Circle No 369 


GRAPHICS CHIP SETS 


@ Provides a VGA-LCD interface 

@ Supports 64 gray shades or colors 
Designed for use in laptop comput- 
ers, Dragon Graphics chip sets com- 
bine a graphics controller, a color 
palette, and a VGA-LCD interface. 
Set 1 consists of the SPC8000FOA 
graphics controller, the SPC8010- 
FOA VGA-LCD interface, and the 
SEA6461J35 color palette for 16 to 
64 gray scales. Set 2 consists of the 
same graphics controller plus the 
SPC8030FOA VGA-LCD interface 
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and the SEA6462J35 color palette 
for a 64-color display. The graphics 
controller maintains register-level 
compatibility with IBM’s VGA, 
EGA, CGA, and MDA graphics 
standards and provides 640 x 480- 
pixel resolution with 256 simultane- 
ous colors. Both chip sets also inter- 
face with external analog and digi- 
tal CRT monitors. $55 (5000) each. 
S-MOS Systems, 2460 N First 
St, San Jose, CA 95131. Phone (408) 

922-0200. 
Circle No 370 


@ Suitable for Mu-Law or A-Law 
formats 
© Have differential analog cir- 
cuitry 

The MC145554/57/64/67 family of 
single-chip PCM codec filters uses 
a fully differential analog circuit de- 
sign to achieve low idle-channel 
noise and high power-supply rejec- 
tion. The devices, which contain an 
on-chip 2.5V precision voltage ref- 
erence, accept industry-standard 
clock formats and operate in both 
synchronous and asynchronous ap- 
plications. The MC145554/64 are for 
use with a Mu-Law PCM format; 
the MC145557/67 are used with A- 
Law formats. Other features in- 
clude transmit band pass and re- 
ceive low pass filters, active R-C 
prefiltering and postfiltering, a 
PCM-data clock rate of 4.096 MHz, 
and a typical power dissipation of 
40 mW at +5V. The MC145564/67 
add analog loop-back and push-pull 
power amplifiers with adjustable 
gain. The 54/57 devices come in 16- 


204 


pin DIPs and SOIC packages; the 
64/67 devices come in 20-pin DIPs 
and SOIC packages. From $3.95 to 
$4.95 (1000). 

Motorola Inc, MOS IC Div, Box 
52073, Phoenix, AZ 85072. Phone 
(512) 928-6880. 

Circle No 371 


VIDEO RAM 


® Clocks data at a 33-MHz rate 

@ Organized 64k x8 bits 

A high-performance 64k x8-bit 
video RAM, which clocks 256 4-bit 
words at a serial rate of 33 MHz, 
the V58C261 is a multiport device 
that features fast page-mode ac- 
cess. The device has a maximum ad- 
dress-access time of 80 nsec, a maxi- 
mum column-address time of 40 
nsec, and a page-mode cycle time 
of 55 nsec. It also has a turbo-mode 
feature that permits real-time read 
transfer during row _ address 
changes; a bit-masked write func- 
tion; and bidirectional data transfer 


between the serial and dynamic 
RAM ports. The V53C261 comes in 
a 24-pin plastic, zig-zag in-line pack- 
age, which provides high packing 
density. $14.63 (100) 

Vitelic Corp, 3910 N First St, 
San Jose, CA 95134. Phone (408) 
433-6000. FAX 408-433-0331. 

Circle No 372 


CURRENT-LOOP IC 


@ For 4- to 20-mA industrial loop 
@ Provides a 0 to 5V output 

The RCV420 converts 4- to 20-mA, 
2-wire current-loop signals to 0 to 
DV outputs signals. The monolithic 
device includes current-sampling 


resistors, a premium-grade op amp, 


a level-shifting network, and a pre- 


cision reference. The 10.00V refer- 
ence, which is externally available 
to the user, has a typical drift of 5 
ppm/°C. Other key specifications in- 
clude a +40V (max) common-mode 
input range, a conversion accuracy 
of 0.1% FS, and 80-dB CMR. The 
RCV420’s wide supply range of 
+11.4 to +18.0V lets you use the 
device in data-acquisition systems 
using 15V supplies and in PC-based 
systems with 12V supplies. Avail- 
able in 16-pin plastic or ceramic 

DIPs. From $4.60 (100). 
Burr-Brown Corp, Box 11400, 
Tucson, AZ 85734. Phone (800) 548- 

6182. FAX 602-889-1510. 
Circle No 373 


BUFFER AMPLIFIER 
© Bandwidth is 180 MHz 

@ Slew rate is 2000V/wsec ¥ 
Designed for use in video applica- 
tions and as an input buffer for 
high-speed A/D converters, the 


-EL2002 features a -—3-dB band- 


width of 180 MHz and a slew rate 
of 2000V/psec. With its low output 
impedance of 80, the device can 
drive 50 and 750 coaxial cables. The 
amplifier’s 100-mA output can also 
quickly charge the varying input ca- 
pacitance of high-speed flash A/D 
converters. The EL2002, which 
comes in 8-pin plastic and ceramic 
DIPs, 20-pin small-outline and 20- 
pad ceramic LCC packages, is avail- 
able in industrial and military ver- 
sions. From $2.45 (100). 
Elantec, 1996 Tarob Ct, Milpitas, 
CA 95085. Phone (408) 945-1323. 
Circle No 374 
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APPLICATION SPECIFIC PLASTICS FROM PHILLIPS 66 


CONNECTING VALUE WITH 
PERFORMANCE 


Strength after 17 weeks at 
220°C. 


@ Excellent electrical properties— 
offering high arc resistance and 


Performance and value. You low dielectric constant. 
can get both with Aspect™ TPPE Aspect™ TPPE is ideal for 
from Phillips 66. This engineering APPlications such as high density 
thermoplastic polyester gives you: interconnectors; thin, intricate and 
‘f hard-to-mold bobbins; terminal 
@ |mproved flow and processability 
to help you mold complex, blocks; and fuse holders. 


With Application Specific 
Plastics such as Aspect™ TPPE 
from Phillips 66 you can take 
advantage of the expertise of the 
Phillips 66 Plastics Technical Center 
...{tS research and development 
and advanced molding facilities, the 
computer-aided design capabilities, 
the experienced staff, and more. 

Phillips 66 offers other 
Application Specific Plastics for 
your electrical/electronic needs: 
Ryton® PPS, Ryton® $ PPSS, 
and Crystalor™ PMP. For 
more information call toll free 
1-800-53-RESIN. Or Telex #492455. 


intricate parts—easily and 
precisely, at low injection 
pressures. 


® Long-term thermal performance 
—retaining over 50% tensile 


ASPECT™ TPPE 


PLASTICS WITH 
POWER TO WIN... 


CIRCLE NO 122 


& 
Phillips 66 Company 
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Prepare for Tomorrow's 


Technology Today 


oe OS SR ES OE 


It’s been three years since we ve put on a show for you in Orlando. 
We feel the time is right for the nation’s leading electronics 
manufacturers and experts to assemble again in this important 
growth area of the U.S. 


lf you're an engineer responsible for circuit and systems design, 
packaging, board fabrication, assembly or test, then you know the 
challenges of bringing a competitive product to market. Here’s your 
chance to evaluate and test out the industry's newest technology in 
your own back yard. 


Led by experts in their fields, Nepcon Southeast’s full conference 
program explores the future trends of electronic technology, from 
design through final test and assembly, while addressing practical 
solutions to important “here and now” issues. The exhibition 
encompasses the complete product development cycle, including 
computer-aided technology, packaging products, and production 
and inspection equipment, offering hands-on demonstrations from 
the industry's top suppliers. 


Plan now to visit NEPCON Southeast this fall. It may well be your 
only opportunity all year to keep pace with today’s technology and 


NATIONAL ELECTRONIC PACKAGING AND PRODUCTION CONFERENCE 
a Wit &”" Ga GAA W 
e SOUTHEAST 89 


This Fall in Orlando, Florida 


Three-Day Conference, 
November 14-16, 1989 


Two Day Exhibition, 
November 15-16, 1989 


trends for tomorrow. If you register before October 27, 1989, you'll 
be admitted FREE to the exhibits, plus earn substantial discounts on 
the conference. For more information, call (312) 299-9311, or mail in 
this coupon. 


FO OS SSS SOSH SSS SSSA SSS SSS Sees ese 


Clip and mail to: 


Nepcon Southeast 89 Cahners Exposition Group 
1350 East Touhy, P.O. Box 5080, Des Plaines, IL 60017-5080 


Please send me pre-registration materials for Nepcon Southeast '89. 
Name. 


Title 


Company 
Address 
See a OR eee 


My company is interested in exhibiting at future Nepcon events. Call me at: 


a oe es oe ee oe ee ee 68 a Oe Oe oe OS ee Oe oe os oe ae 
os 
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Futaba, a world leading manufacturer of vacuum fluorescent displays, 
offers a wide assortment of display tubes in many sizes and formats. Also, 
Futaba offers display modules with all the electronics required to refresh the 
display and easily interface with host system. 


Both front glass phosphor, which provides maximum viewing angle and 
uniform surface appearance, and conventional back glass phosphor, with 
optimum brightness and software dimming capabilities, are available. All 
Futaba graphics modules offer complete drive electronics, bit mapped 
control with a DC/DC converter. All active components are surface mounted 
onto a single board. 


Utilizing Futaba’s dot matrix displays, a completely intelligent line of “dot 
modules” is available. Each includes all drive, power supply and micro- 
processor components surface mounted onto a single board. Surface 
mounted technology results in higher reliability and allows for a smaller 
overall package and lower cost. All dot modules require only a5V DC power 
source and can accept parallel or 8 possible serial baud rates. 


Futaba Futaba Pixels Brightness Module 
Display Module (Row X Char.) (FT-L) Dimensions {in.) 
GP1005B GP1005B03 128X64 400 7.28X3.35X1.77 
GP1010B GP1010B01 176X16 200 7.32X2.16X1.70 
GP1009B GP1009A04 240X64 200 6.2X2.76X1.57 
GP1006B GP1006B05 256X64 200 9.84X3.35X1.77 
GP1002C GP1002C07 320X240 100* 7.10X6.30X1.60 
GP1018A GP1018A01 400X240 40 7.10X6.30X1.61 
“Different Versions Available 
Futaba Futaba Char. Dot Char. Module 
Display Module X Row Format Ht. {in.} Dimensions {in.} 
16LD03G Mi6LD03B 16X11 = 5X/ 0.433 8.90X1.95X.98 
16SY03Z US16SY03A 16X1 14 SEGMENT 0.200 4.92X1.32X.83 
ALPHANUMERIC 
20SD03G M20SD03 20X1 5X7 0.200 5.91X1.22X1.05 
20SD42Z M20SD42 20K) GXi2 0.344 7.1X2.16X.88 
40SD04G + M40SD04 40X1 5X7 0.200 9.45X1.38X1.14 
40SD42Z M40SD42 40X1 5X12 0.344 9.45X2.16X.88 
202SD08G M202SD08 20X2 5X/ 0.200 6.10X1.69X1.18 
402SD06G M402SD06 40X2 95X/ 0.200 9.45X1.69X1.18 


MANY OTHER NEW MODULES 
AVAILABLE SOON 


DISPLAYS 
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CUSTOM VERSIONS AVAILABLE 
DEPTH DIMENSIONS FOR LIMITED AREA ONLY 


Corporation of America 
Electronic Components Division 


711 E. State Parkway 
Schaumburg, IL 60173 


Telephone: (312) 884- 
FAX: (312) 884- 


1444 
1635 
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Compact, flat panel graphic displays and modules 
present clean, sharp images, whether for text or full 
graphics application. 


2 x 40 character (module) 


Pattern flexibility and pleasing appearance are offered by 
Futaba in dot displays and modules. 


Futaba also offers a complete catalog of alphanumeric, 
segmented displays. 


Futaba supports its products with design engineering 
and system integration assistance. Call or write today. 
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MAKING A CHOICE 


System designers usually make two major choices when selecting 
peripheral controllers: choosing the appropriate technology, and 
choosing the best supplier of that technology. Interphase is the 
one choice that’s right for both. | 


A CHOICE SELECTION 


Whether your system calls for IPI, 
SMD, ESDI or SCSI, Interphase pro- 
vides not only the highest performing 
controllers, but a proven approach to 
design support, on-time delivery, tech- 
nical service and unrelenting quality. 
All this has made Interphase the sup- 
plier of choice by more OEMs than 
any other in the industry. 


A GREAT CHOICE 


There are many reasons why 
Interphase is a great choice. Our 
technology squeezes the last 

ounce of performance out of the disk 
drive with industry-leading caching and 
queuing techniques. The speed of our 30 
plus MB/s VMEbus BUSpacket Interface”, 
the industry's fastest, lets you maximize 
system performance. We actually listen 

to what you need, rather than just tell you 
what we've got. You can rely on us to help you get your system 
up and running, no matter what. You can count on the highest 
product quality and best on-time delivery in the industry. 


IP! SOLUTIONS 


If you're looking for the fastest 

disk possible, you're probably con- 
Sidering IPI. Our COUGAR V/IPI 4260 
is the highest performance open 
system disk controller available 
today. Using a full 32-bit 68020 
architecture, the COUGAR features 
our proprietary IPI front-end proces- 
sor in combination with the exclu- 


COUGAR 
V/IPI 4260 


JAGUAR 
V/SCSI 4210 


PANTHER 
V/ESDI 4201 


ESDI AND SMD SOLUTIONS 


The PANTHER V/ESDI 4201 and CHEETAH V/SMD 4200 are the 
most designed-in VMEbus disk controllers in the industry. They 
are Still the fastest anywhere, featuring leading edge caching 
algorithms, command queuing techniques and our BUSpacket 
Interface — any disk drive, any speed! 


SCSI SOLUTIONS 


The JAGUAR V/SCSI 4210 established the state-of- 
the-art in high-performance SCSI applications — 

winning every benchmark in sight. With two 

independent SCSI ports, asynchronous or syn- 

chronous, single-ended or differential, the 
JAGUAR SCSI host adapter can keep all your SCS! 
devices busy, even including arrays of 
high-performance drives in file striping or 
data base applications. Of course the 
BUSpacket Interface is part of the 
package. 


NO OTHER CHOICE 


Regardless of the disk technology you 
choose for your system — if you want the 
highest performing products, the best 
software and technical support, the most reliable 
quality, and the strongest and most responsive com- 
pany behind the product—you want Interphase. 
Since you Know which vendor is the best, whether it’s disk con- 
trollers, Ethernet or FDDI, all you need to do is pick the technol- 
ogy. To help with that choice, we've prepared a booklet 
comparing disk technologies. To receive a free copy, just call: 


(214) 350-9000 
wn J 
7p VTERPrIADE 
OPEN SYSTEMS CONTROLLERS” 


CoO eR: PoO RASH Qa 
Disk « Tape » Networking 


CHEETAH 
V/SMD 4200 


Sive Virtual Buffer Architecture™ 
and VMEbus BUSpacket Interface 
operating at 38 MB/s. 


2925 Merrell Road « Dallas, Texas 75229 « (214) 350-9000 * FAX: (214) 352-4124 » NASDAQ-NMS:INPH 
Interphase International 
Astral House, Granville Way ¢ Bicester, Oxon OX6 OJT * (01144) 869-321222 « FAX: (01144) 869-247720 


nterphase is a registered trademark of Interphase Corporation. Open Systems Controllers is a trademark of Interphase Corporation. 
Virtual Buffer Architecture and BUSpacket Interface are service marks of Interphase Corporation. 
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NEW PRODUCTS 


CAE & SOFTWARE DEVELOPMENT TOOLS 


SHELL FOR OS-9 


® Includes command-line editor 
@ Provides command-line history 
feature 
ZSH is an advanced shell for Mi- 
croware’s (Des Moines, IA) real- 
time, multitasking OS-9 operating 
system. This shell combines the out- 
standing features of most of the 
popular Unix shells; the ZSH syn- 
tax and its command-line editor 
closely resemble those of DEC’s 
VMS/DCL. However, ZSH is tai- 
lored to take full advantage of the 
specific features of OS-9. The com- 
mand-line editor permits extensive 
modification of a command; the his- 
tory feature maintains a record of 
the last 19 commands; you can 
browse through these, modify them 
with the command-line editor, and 
then re-execute the modified com- 
mands. A symbol function lets you 
replace the name of any utility pro- 
gram with another name (alias) of 
your choice. The alias of a command 
can include redirection instructions. 
A Basic-like batch-control language 
lets you write powerful procedure 
files. The facilities include parame- 
ter passing; labels; loops; I/O, file- 
handling, and error-handling facili- 
ties; and a menu driver that lets 
you set up interactive menu-driven 
user interfaces. $395. 

Gespac Inc, 50 W Hoover Ave, 
Mesa, AZ 85210. Phone (602) 962- 
5559. FAX 602-962-5750. 

Circle No 382 


MULTITASKING TUTOR 


® Provides a subset of a real-time 
executive 

@ Teaches you how to develop small 
applications quickly 

A reduced version of sma (simple 

multitasking task), smwx CK (college 

kit), includes all the important calls 

and features of the full version. The 

subset operates at full speed and 

is ROMable. The package includes 
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a “protosystem” to which you can 
add your own code, make files, a 
tips file containing helpful hints and 
guidelines, a program that lets you 
time smx operations, and other use- 
ful utilities. The User’s Guide is tu- 
torial in nature and encourages you 
to develop a multitasking applica- 
tion as you read, using the proto- 
system as the foundation. The pack- 
age also includes a complete refer- 
ence manual. sma CK runs on sys- 
tems based on pPs of the Intel 
80X86 family and works with Micro- 
soft’s and Borland’s C compilers and 
assemblers. $95. 

Micro Digital Inc, 6402 Tulagi 
St, Cypress, CA 90630. Phone (714) 
891-2363. 

Circle No 383 


ASIC DESIGN TOOL 


@ Automatically generates bal- 
anced clock tree 
@ Provides back-annotation by geo- 
metric layer comparisons 
Avant Gards 2.0 runs on DEC, Sun, 
and Apollo workstations and lets 
you design channel-less, sea-of- 
gates logic arrays containing as 
many as 250,000 gates. You can 
specify net thresholds and weights 
for all nets in your design; this in- 
formation is used by the placement 
and routing modules to ensure first- 
pass, timing-correct layouts. The 


placement module automatically 
generates a balanced, distributed 
clock tree; the algorithms consider 
area and buffer placement by parti- 
tioning the chip into “bins” and syn- 
thesizing the clock tree according 
to maximum buffer fan-out. Thus, 
all clocked elements receive syn- 
chronized clock inputs. Buffers in- 
serted by the program to equalize 
delays are back-annotated into the 
net list. The rip-up-and-reroute al- 
gorithms don’t permit design-rule 
violations or shorts and, as a result, 
ensure 100% completion in minimal 
CPU time. The _ engineering- 
change-order facilities accept netlist 
changes without requiring complete 
placement and routing reiteration. 
The back-annotation algorithms are 
optimized for speed and can reduce 
the time for a back-annotation re- 
port to as little as one-fifth the time 
required by previous versions. 
$225,000. 

Silvar-Lisco Corp, 1080 Marsh 
Rd, Menlo Park, CA 94025. Phone 
(415) 824-0700. FAX 415-327-0142. 

Circle No 384 


DOS EXTENDER 


@ Lets you address as many as 16M 
bytes of memory on an 80286 
@ Lets real-mode applications ad- 
dress 900k bytes on an 80386 

OS/286 and OS/886 DOS extenders 
facilitate the development of appli- 
cation programs that can address 
as many as 16M bytes of memory 
in protected mode on an 80286, or 
as many as 4G bytes on an 80386. 
You can also run 80386-based appli- 
cations in multitasking systems. 
Both extenders now adhere to the 
virtual control program interface 
specifications that allow them to 
run under DESQview 386 to pro- 
vide multitasking capabilities. The 
kernel now occupies only 40k bytes 
of the 640k-byte address space, so 
it can run in real mode with other 
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CAE & SOFTWARE DEVELOPMENT TOOLS 


large resident programs. OS/386 
has a Virtual-8086 mode that allows 
real-mode applications to address as 
much as 900k bytes of memory. 
Real procedure calls allow selected 
portions of an application to run in 
real mode while the remainder of 
the application runs in protected 
mode. Both OS/286 and OS/386 
come with two utilities: Tune and 
.E XPress. Tune is a setup program 
that automatically configures the 
extender for optimum performance 
on your specific system. The EX- 
Press utility permits direct, 1-step 
conversion of a real-mode execut- 
able file to protected-mode, thereby 
simplifying debugging and remov- 
ing the 640k-byte limit of real mode. 
Developer’s Kit, which includes the 
full suite of development tools, 
$495. 

A I Architects Ine, 1 Interconti- 
nental Way, Peabody, MA 01960. 
Phone (508) 535-7510. FAX 508- 
535-7512. 

Circle No 385 


POSTSCRIPT ON FAX 


‘@ Lets you send fax images com- 
posed with PostScript 
@ Also handles HP-GL and 
AutoCAD plotter files 

Gammascript converts images that 
you’ve produced with application 
programs that support PostScript 
into a form that you can send di- 
rectly to a fax machine. Because 
you don’t need to scan hard copy 
of the image, the received fax looks 
exactly as if it were printed on a 
200-dpi PostScript printer. In addi- 
tion to converting PostScript files, 
the program can also convert HP- 
GL and AutoCAD plotter-language 
files for fax transmission. To run 
the program you need an IBM PC/ 
AT, PS/2 Model 50, or compatible, 
that has at least 1M byte of RAM, 
4M bytes of free disk space, and a 
GammaFax PC-to-fax board. Two 
versions are available: GammaS- 
eript Starter gives you 13 fonts 
compatible with the original Apple 
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LaserWriter; GammasScript gives 
you 35 fonts compatible with the 
Apple LaserWriter NT. If you or- 
der the Starter version, you can 
later obtain the other 22 fonts in 
an upgrade package. GammasScript 
Starter, $145; GammasScript, $440; 
upgrade package, $295. 
GammaLink, 2452 Embarcadero 
Way, Palo Alto, CA 94303. Phone 
(415) 856-7421. FAX 415-494-7042. 
Circle No 386 


C++ TOOL SET 


@ Lets you create object-oriented 
programs written in C++ 
@ Runs on Sun workstations; other 
versions are in preparation 

Objectworks for C++ is a set of 
software-development tools that 
lets you create and manage object- 
oriented system and application 
programs written in C+ +. Object- 
works for C++ runs on Sun-3 
workstations under SunOS 3.2 or 
higher. The package includes 
AT&T’s C++ Language System, 
release 2.0. You create your pro- 
grams using a mouse-oriented edi- 
tor, which provides syntax-error- 
message annotation and an on-line 
query and help facility. Alterna- 
tively, you can use any full-screen 
editor such as vz or EMACS. The 
incremental compiler/linker module 
first calls up the C++ translator, 
which generates standard C code, 
and then calls the host’s standard 
C compiler. Finally, it links the new 
or modified functions. For debug- 
ging, you use the _ interactive, 


source-level, symbolic debugger. 
The source-code browser lets you 
view the class hierarchy and file 
structure of application code; you 
can search for implementors or call- 
ers of a function, or references to 
data types. The category browser 
provides an abstract level of pro- 
gram organization. The change- 
management tools help you keep 
track of source-code updates and 
provide change-rollback and infinite 
undo facilities. To run Objectworks 
for C++, your Sun-3 must have 
at least 8M bytes of RAM and 20M 
bytes of free disk space. $2495. 

ParcPlace Systems, 1550 Ply- 
mouth St, Mountain View, CA 
94048. Phone (415) 691-6700. FAX 
415-691-6715. 
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MULTI-pP SIMULATOR 


® Lets you simulate as many as 
seven Ps simultaneously 
© Lets you me digital and analog 
functions 
Tutsim Professional is a block simu- 
lation language that has been up- 
graded to let you implement as 
many as seven Ps in a single simu- 
lation. You can mix analog and digi- 
tal functions and can implement 
digital filters, z-transforms, correla- 
tion, and many other engineering 
algorithms. Professional version, 
$595; evaluation version with man- 
ual, $40. 

Tutsim Products, 200 California 
Ave, #212, Palo Alto, CA 94806. 
Phone (415) 325-4800. FAX 415- 
325-4801. 

: Circle No 388 
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Our low-cost 0S/2 tools put more musde in your PCB design. 


Tired of paying up to $80,000 per PCBdesign ing with complete Sun/Apollo/VAX compatibility. 
seat? Look at LEDAX™ Plus. For $8,795, youcan True multi-tasking. “Point and click” mouse/icon- 
put our complete workstation-proven, workstation- _ based graphical interface. Virtual memory with no 
powerful toolset on every OS/2™-Presentation MS-DOS constraints. Result: reduced design time, 
Manager PC platform. improved manufacturability and reliability. 

LEDAX Plus is tightly coupled and highly inter- Get in touch with LEDAX Plus. For more 
active, with fast, easy control from schematic information, call toll-free: 
capture step-by-step through design to photo- _ (800 )-663-6226. Put more punch in 
tooling. Advanced functionality and network- ——— your product development. 


ae 
| 
by Microtel Pacific Research. Tel: (604) 294-1471. 


LEDAX isa trademark of Microtel Pacific Research Limited. OS/ 2 is a trademark of International Business Machines Corp. All other brand and product names are trademarks or registered trademarks of their respective companies. 
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THE VF MODULES TO USE 
IF HELL OVER. 


Temperature display modules won't — qegeueeneOeetears 

let you down. ee neem 
From —40°C to +85°C, through <i 

40g shock and 2g rms vibration, i 

XT series modules can take the heat 

And the cold. And whatever else yo 

or the forces of evil throw at them. 


ne LINE 

IR HIGH 
MANGES, STEapy on 
AND BRIGHTNESS CONTROL 


SURE EGHT RERDR 


display products, write 
~ or call (415) 471-4700. 


more than 600 fl of brilliant performance. 


ics Corporation, 31047 Genstar Road, Hayward, CA 94544-7831 (415) 471-4700. DeeCO is a registered trademark of Digital Electro 
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Digital Electro 


z XT and XTB features include select 
| ble baud rates, 15 microsecond-per 
character burst mode for high-speed 


A display changes, steady or flashing 


characters, and brightness control. 

If you'd like further proof of how 
well we go fo extremes, we'd be happy 
to send you test results from an 
independent testing lab. For more 

information about XT and XTB extended 
§ modules, or our full line of VF and EL 


Deeth 


ics Corporation © 1989. 
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~NEW PRODUCTS 


TEST & MEASUREMENT INSTRUMENTS 


LOGIC ANALYZERS 


® Can monitor 192 channels at 100 
MHz or 72 channels at 1 GHz 
® Controlling software runs under 
MS Windows 
The logic analyzers in the PL1000 
line incorporate three slots that let 
you configure them to monitor si- 
multaneously as many as 144 chan- 
nels at 500 MHz (72 channels at 1 
GHz) or 192 channels, synchronous 
or asynchronous, at 100 MHz (96 
channels at 200 MHz). You can in- 
termix modules to create, for exam- 
ple, a unit with 48 500-MHz chan- 
nels and 64 100-MHz channels with 
cross-triggering and time align- 
ment. Or you can include a 64-chan- 
nel, 50-MHz pattern generator with 
1k or 4k bits of pattern memory per 
channel. The PL1000 connects to 
your IBM PC/AT-compatible com- 
puter via a proprietary high-speed 
parallel interface; the PL1000+, 


which incorporates such a computer 
and interface, acts as a portable 
high-performance logic analyzer. 
The menu-driven controlling soft- 
ware runs under MS Windows. The 
vendor offers an extensive set of 
8-, 16-, and 32-bit disassemblers. 


From $6195. 

Kontron Electronics Inc, 630 
Clyde Ave, Mountain View, CA 
94039. Phone (800) 227-8834; in CA, 
(415) 965-7020. FAX 415-965-3505. 
TWX 910-965-7020. 
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8/16/32-BIT EMULATOR 


e Allows waveform analysis to 100 
MHz 

@ Permits real-tume emulation 
without wait states 

The MT2000 digital test system is 

a PC-hosted, emulation-based 

tester for 8-, 16-, and 32-bit wPs. 
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It performs waveform analysis to 
100 MHz and, in many cases, per- 
mits real-time emulation with no 
wait states. Because the emulator 
is software configurable and is 
based on ROM-emulation — tech- 
niques, it adapts to a wide variety 
of processors with software changes 
only—no hardware modifications or 
adapters are needed. The vendor 
claims that this design approach 
will also permit the tester to work 
without hardware modification with 
future pPs. Libraries of prepro- 
grammed diagnostics and lower 
level procedures accompany the 
unit. The two types of software per- 
mit you to use the tester with a 
minimum of programming or to de- 
sign your own customized programs 
for it. From £5400. 

Electrotest, Unit 4, Industrial 
Estate, Falearragh, County Done- 
gal, Ireland. Phone (074) 35444. 
FAX 074-35468. 
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PROGRAMMERS 


@ Universal unit has D/A drivers 
on 40 of 48 pins 

@ Both units use proprietary IBM 
PC-bus interface 

The AP-I EPROM/EEPROM pro- 

grammer handles 8-bit-wide de- 

vices, from the 2716 (16k bytes) to 

the 27010 (128k bytes), and the 40- 
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TEST & MEASUREMENT INSTRUMENTS 


pin, 16-bit-wide 27210 (64k words). 
It can also program devices with a 
32-bit-wide data path. The AP-II is 
a universal PLD/PROM program- 
mer that handles devices with as 
many as 48 pins. The AP-II has pin 
drivers that incorporate 8-bit D/A 
converters with 25.5V maximum 
output on 40 pins. It can read from 
and write to every device pin. Both 
units require an IBM PC-compat- 
ible computer. Each programmer 
includes a _ proprietary interface 
card that plugs into the PC bus. 
AP-I, DM 898; AP-IT, DM 3548. 
Owen Electronic GmbH, Ring- 
strasse 11, Postfach 1104, D-6798 
Kusel, West Germany. Phone 
(06381) 5085. FAX 06381-8584. 
Circle No 377 


286/386 DIAGNOSTICS 


@ Test all major subsystems of 

80286- and 80386-based PC's 
© Provide English-language diag- 

nostic messages 
Amidiag is a diagnostic software 
package for PCs based on the 80286 
and 803886 wPs. The software tests 
the following computer subsystems: 
mother board, memory, hard-disk 
drives, floppy-disk drives, key- 
board, video adapter, monitor, se- 
rial port, and parallel printer port. 
Diagnostic messages are presented 
in English rather than in cryptic 
codes. You can configure the soft- 
ware to suit the hardware setup and 
operate it in interactive, continu- 
ous, time-bound batch, or count- 
bound batch modes. Graphic dis- 
plays indicate the location of defec- 
tive DIP switches and single in-line 
memory modules. The hard-disk 
tests work on controllers that use 
MFM (modified frequency modula- 
tion) encoding and conform to the 
ESDI (enhanced small-disk inter- 
face) standard. $99; board-based di- 
agnostic module, $995. 

American Megatrends Inc, 1346 
Oakbrook Dr, Suite 120, Norcross, 
GA 80098. Phone (404) 263-8181. 
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SPECTRUM DISPLAY 
© Two units fit side by side in 1°/- 

m. rack space 
@ Can have four center frequencies 

and sweep widths 
The 500SDU is a small spectrum- 
display unit. Two of the instru- 
ments fit side by side in a 1%-in.- 
high rack space. You can order the 
units with a variety of capabilities. 
Each unit can have four center fre- 
quencies; all units have a 160-MHz 
center frequency. Other common 
frequencies are 21.4, 70, and 250 
MHz. Commonly chosen sweep 
widths are 1, 5, 10, 20, and 40 MHz. 
Other options include linear and 
logarithmic amplitude displays, for- 
ward and reverse sweeps, and auto- 
matic zeroing. Front-panel push- 
buttons select operating modes, and 
the CRT presents an alphanumeric 
display of the selection. From 
$6000. 

Apcom Inc, 8-4 Metropolitan Ct, 
Gaithersburg, MD 20878. Phone 
(301) 948-5900. FAX 301-948-1631. 
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RESPONSE ANALYZER 


@ Measures gain, phase, and har- 
monics from 0.01 Hz to 10 kHz 
@ Uses correlation techniques to 
perform Fourier analysis 
The TF2000 frequency-response 
analyzer measures gain, phase, and 
harmonics from 0.01 Hz to 10 kHz 
in electrical and mechanical sys- 
tems. You can use it to generate a 
Bode plot in less than 10 minutes 
from the initial setup. The instru- 
ment, which is completely con- 
tained within a 10 x 9.75 x 4-in. en- 
closure, weighs 6.6 lb and includes 


a programmable swept-sine-wave 
generator. The two input channels 
are isolated from the chassis and 
withstand common-mode voltages 
as high as 500V. Correlation-based 
Fourier analysis measures harmon- 
ics as high as the 39th. The unit can 
display its results on the front panel 
or can drive both RS-232C and Cen- 
tronics parallel-interfaced printers. 
$4950. 

Voltech Inc, 200 Butterfield Dr, 
Ashland, MA 01721. Phone (508) 
881-7329. FAX 508-879-8669. 
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TEST SOFTWARE 


© Develops programs for VXI — 
and IKEKE-488 instruments 
@ Requires no programming 
knowledge 
TekTMS software is a control-pro- 
gram generator for instruments 
with IEEE-488, RS-232C, and 
VXIbus (VME extensions for in- 
strumentation) interfaces. You 
need no knowledge of programming 
to use it. The software runs under 
MS Windows on IBM PC/AT-com- 
patible computers. The main por- 
tions of the package are an interac- 
tive program generator and the in- 
strument libraries. An instrument 
script language allows you to add 
instruments to the libraries. The 
software displays one or more inter- 
active front panels in windows on 
the computer’s screen. You control 
the setups from the keyboard or a 
mouse using icons, such as slide 
switches. You can view the control 
program in a scrollable window and 
edit it via pop-up dialog boxes. To 
aid operators in placing probes on 
units under test, the programs cre- 
ated by the software can display 
bit-mapped pc-board layouts cre- 
ated with several drafting pro- 
grams. $2995 with an IEEE-488 or 
VXI library. 

Tektronix Inc, Box 1700, Beav- 
erton, OR 97075. Phone (800) 835- 
9433, ext 170. 

Circle No 381 


EDN September 14, 1989 


In the past, you bought our passive components from 
Mepco/Centralab. Our discrete semiconductors and profes- 
sional components from Amperex. And our ferrite materials 
from Ferroxcube. 

What you received were superior components. Profes- 
sional service. Prompt delivery. Competitive prices. From com- 
panies whose products and relationships you value. 

What you didn’t get was a single source able to fulfill 
your discrete product needs. And now, you do. 


Now we're Philips Components Discrete Products Divisi 

One company representing millions of passive comp¢ 
nents, discrete semiconductors and component materials. 
newly consolidated sales organization providing better serv 
and stronger technical support. Backed by one of the large 
electronic component manufacturers in the world: Philips. 

For our customers, that means quality products. Leade 
ship in surface-mount technology, All from a single vendor 
dedicated to the North American marketplace. And the bene 
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‘hundreds of millions of dollars spent annually in electronic Philips Components 

ymponent research. Research that keeps Philips —and you— Discrete Products Division 

cad of the competition, 2001 W. Blue Heron Blvd. 
The new Philips Components Discrete Products Division. PO. Box 10330 

yr a look at our product groups, just turn the page. Or call us Riviera Beach, FL 33404 


ra line card and product literature. We think you'll be quite 
P . tel: 1-800-447-3762 


407-881-3200 (locally) 
Fax: 407-881-3300 


ypressed with how much we can offer. Even if it took drop- 
ng a few names. 


PHILIPS 


Philips Components Discrete Products Division 


PASSIVE COMPONENTS 
GROUP (Capacitors) 
4561 Colorado Blvd. 

Los Angeles, CA 90039 

Tel: 818/240-4880 

Fax: 818/500-9174 


@ Monolithic Ceramic Chip Capacitors 


7158 Merchant Ave. 
El Paso, TX 79915 
Tel: 915-775-4242 
Fax: 915/775-4249 


@ Disc Ceramic Capacitors 
® Leaded Monolithic Ceramic 
Capacitors 


5900 Australian Ave. 

West Palm Beach, FL 33407 
Tel: 407/863-2000 

Fax: 407/863-1811 


® Tantalum Capacitors 
(SMD, Solid, Wet Slug) 


6071 St. Andrews Rd. 
Columbia, SC 29212 
Tel: 803/772-2500 
Fax: 803/772-2445 


® Film Capacitors 

@ AC Dry Metalized Film Capacitors 

@ Film Trimmer Capacitors 

@ Tantalum Capacitors (Foil) 

@ AC Motor Start Capacitors 

@ DCAluminum Electrolytic Capacitors 


PASSIVE COMPONENTS 
GROUP (Resistors ) 
Airport Road, P.O. Box 760 
Mineral Wells, TX 76067 

Tel: 817/325-7871 

Fax: 817-326-2215 


PHILIPS 


@ Metal Film Resistors 

® Carbon Film Resistors 

@ Precision MELF SMD’ Resistors 
@ Thick Film SMD’ Resistors 

@ High-Voltage Resistors 

@ Power Film Resistors 

@ Non-Linear Resistors 

@ Relative Humidity Sensors 

@ Standard Resistor Networks 


Mepcopal Company 

11468 Sorrento Valley Road 
San Diego, CA 92121 

Tel: 619/453-0332 

Fax: 619/481-1123 


@ Variable Resistors/Trimming 
Potentiometers 

@ Rotary Switches 

@ Hi Rel Fuses 


DISCRETE 
SEMICONDUCTOR GROUP 
George Washington Highway 
Smithfield, RI 02917 

Tel: 401/232-0500 

Fax: 401/232-1047 


B Discrete Semiconductors: 
Power Devices 
Surface Mount Devices 
Small Signal Products 
Microwave Transistors 
CATV and RF Power Modules 


# Optoelectronics: 
LCD's 
Infrared Detectors 
Sensors 


1-800-447-3762 


Semiconductor Lasers 
Optocouplers 
IRand Visible LED’s 


MATERIALS GROUP 
5083 Kings Highway 
Saugerties, NY 12477 

Tel: 914/246-2811 

Fax: 914/246-2811 ext. 427 


@ Linear Ferrites 
@ Advanced Ceramic Technologies 
@ Permanent Magnets 


PROFESSIONAL 
COMPONENTS GROUP 
George Washington Highway 
Smithfield, RI 02917 

Tel: 401/232-0500 

Fax: 401/232-1047 


@ Klystrons 

® Circulators 

® Rectifier Stacks 

® Photomultiplier Tubes 
@ Geiger Mueller Tubes 
® Microchannel Plates 
@ Electron Multipliers 

@ Reed Switches 

B CRIS 


100 Providence Pike 
Slatersville, RI 02876 

Tel: 401/762-3800 

Fax: 401/762-3805 Ext. 324 


@ Solid State Image Sensors 
® Intensified CCD 
® [mage Intensifiers 


B Vidicon & Newvicon’Camera Tubes 


#® Plumbicon*Camera Tubes 
® Military Camera Tubes 


PHILIPS 
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LITERATURE 


Expanded publication 
of switches 


This catalog is a comprehensive 
compendium of electromechanical 
switches. The 400-pg book features 
36 separate switch families and 
more than 827,000 different toggle, 
rocker, pushbutton, slide, keypad, 
illuminated, rotary, and dip-rotary 
switches. The dimensional draw- 
ings ease the design-in process. 
NKK Switches, 14415 WN 
Scottsdale Rd, Scottsdale, AZ 
85260. 
Circle No 389 


Comprehensive coverage 

of application-specific ICs 
Providing a forecast for the 1990s 
and serving as a directory of ASIC 
vendors, ASIC Outlook 1990, An 
Application Specific IC Report and 
Directory, contains seven sections. 
Section 1 outlines various ASIC so- 
lutions and defines basic ASIC seg- 
ments. Section 2 presents an analy- 
sis and forecast of the global semi- 
conductor industry to 1993, and 
Section 3 makes a worldwide sur- 
vey of major IC producers. In Sec- 
tion 4, the worldwide ASIC market 
is analyzed, Section 5 discusses cost 
effectiveness, and Section 6 deals 


220 


with technology trends. Section 7, 
comprising the ASIC vendor direc- 
tory, provides an alphabetical list- 
ing of more than 100 ASIC vendors. 
$485. 

Integrated Circuit Engineering 
Corp, 15022 N 75th St, Scottsdale, 
AZ 85260. 

INQUIRE DIRECT 


Handbook guides 

choice of power connectors 
A 24-pg handbook on pin and socket 
connectors helps you choose the 
best power connector for your 
needs. The booklet covers specifica- 
tions such as current rating, connec- 


tor size, engagement force, configu- 
ration and circuit size, and operat- 
ing voltage. 

Molex Inc, 2222 Wellington Ct, 
Lisle, IL 60532. 


Circle No 390 


Compilation of RF 
and microwave components 


This catalog categorizes more than 
500 RF and microwave compo- 
nents. It depicts more than 150 
products, including GaAs mono- 
lithic microwave ICs, logarithmic 


amplifiers, RF and microwave con- 
trol devices, mixers, and hermetic 
surface-mount devices. Application 
notes and selection guides complete 
the catalog. 

Adams-Russell Electronics Co 
Inc, 80 Cambridge St, Burlington, 
MA 01808. 
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Extensive catalog 
presents [IEEE-488 products 


The vendor’s 1989 spring/summer 
catalog offers an extensive product 
line of IKEE-488 instrument-con- 
trol, data-acquisition, and data- 
analysis products. The 300-pg publi- 
cation is divided into four sections: 
application software, GPIB inter- 
faces, data acquisition, and the 
VXIbus. Recent product additions 
include updated’ versions’ of 
LabView, LabWindows, and Meas- 
ure application-software systems; 
an IEEE-488 data buffer; and a se- 
ries of IEEE-488 interface kits for 
Sun, Apollo, DEC, and IBM work- 
stations. The catalog also provides 
tutorial sections. 


National Instruments, 12109 
Technology Blvd, Austin, TX 
78727. 
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“Static can kill our circuitry. 
And the front panel LEDs 
can provide the path. 


~Now what?!” 


It was a problem grounded in the laws of 
electrical energy. And it could have caused real 
havoc. But the customer took the smart step 
of calling Dialight. 

As the leader with over half a century 
of experience in every type of indicator light, for 
Dialight solving problems is standard 
operating procedure. Applying our engineering 
expertise in optoelectronics and utilizing state-or- 
the-art CAD equipment, our model shop 
quickly developed and prototyped a housing and 
grounding plate for the LEDs. Upon customer 
approval, our 100% internal tool fabrication and 
molding facilities provided quick turn-around 
on production quantities. 


Saving costs while solving problems is 
something we've long done with our panel mount 
and circuit board LEDs. Over the years 
customers have asked us to pair, gang, piggyback, 
right angle mount, recess, bicolor, tricolor, slant, 
standoff, snap-mount, bin, do whatever you can 
imagine to them and we haven't been stumped yet! 

So, when an indication design issue has 
you ground to a halt, remember that no one has 
more solutions than Dialight. 


A Cambridge Electronic Industries Co. 
1913 Atlantic Avenue, Manasquan, NJ 08736 201-223-9400 
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LITERATURE 


Concise listing of test 
and measurement products 


This short-form catalog of test and 
measurement instruments repre- 
sents the vendor’s first condensed 
catalog of products. It provides de- 
scriptions of signal sources, digital 
oscilloscopes, and high-speed wave- 
form digitizers. 
LeCroy, 700 Chestnut Ridge Rd, 
Chestnut Ridge, NY 10977. 
Circle No 393 


Brochure and disk teach 
complex schematic design 


This 4-pg brochure and accompany- 
ing demonstration disk present 
software for designing complex 
schematics on a PC. The document 
describes OrCAD/SDT III’s fea- 
tures, such as pop-up menus, design 
management, and powerful utility 
programs. The brochure provides 
clearly reproduced screens of the 
software’s primary design tasks and 
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lists 25 features; the disk guides you 
through the basics of the schematic- 
capture software. 

OrCAD Systems Corp, 1049 SW 
Baseline St, Suite 500, Hillsboro, 
OR 97123. 
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Integrated approach 

to robotics 

A 336-pg hardcover book, entitled 
Industrial Robotics, Machine Vi- 


sion, and Artificial Intelligence, 


emphasizes how the integration of 
machine vision and AI with a flex- 
ible automation/manufacturing sys- 
tem can enhance manufacturing in 
the future. Some of the topics cov- 
ered include components of robot 
systems, machine vision systems, 
analysis of 2-D images, 3-D machine 
vision, sensors for robot-based as- 
sembly, AI basics, AI in manufac- 


turing, and Al/expert systems 
scheduling in manufacturing. 
$39.95. 


Howard W Sams & Co, 4300 W 
62nd St, Indianapolis, IN 46268. 
INQUIRE DIRECT 


App note discusses 
use of thermistors 


Application note No. 2, Selecting 
and Using Thermistors for Tem- 
perature Control, describes the 
characteristics of thermistors, ther- 
mistor families, and calibration. The 
publication concludes with a sum- 
mary of thermistor selection. Four 
figures illustrate the text. 
ILX Lightwave Corp, Box 6310, 
Bozeman, MT 59771. 
Circle No 395 


How to condition 
thermocouple signals 


The company’s application note, 
AN-28: Thermocouple Measure- 
ments, opens with a brief history 
of thermocouples and a table show- 
ing the relative precision and accu- 
racy of common thermocouple 


types. The main thrust of the note 
is on electronically conditioning 
thermocouple signals to improve 
the accuracy of their temperature 
measurements. It includes a discus- 
sion of cold-junction compensation, 
signal-amplifier selection, isolation, 
and linearization. Also included are 
schematics for electronic cold-junc- 


tion compensators. 


Linear Technology Corp, 1630 
McCarthy Blvd, Milpitas, CA 
95035. 
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Anthology of trimmers 


Best of the Trimmer Primers is a 
condensed version of the 4-volume 
Trimmer Primer series. The book- 
let contains information about appli- 
cation-specific trimmers and SMT 
products, as well as solutions to 
common trimmer problems. Section 
1 deals with the basics of trimming 
potentiometers. The fine tuning of 
circuits with variable resistors and 
center-tap trimmers is the subject 
of Section 2. The third section pre- 
sents an advanced course on the 
voltage divider and rheostat modes, 
linearity, adjustability and resolu- 
tion, and end-zone characteristics. 
Section 4 focuses on _ soldering, 
board washing, seals, mechanical 
menaces, and operating environ- 
ments. The final section delves into 
SMD technology. 
Bourns Inc, 1200 Columbia Ave, 
Riverside, CA 92507. 
Circle No 397 
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Now You Can Make 
Important Component Selection Decisions 


Faster and Easier 


than You Ever Imagined! 


INTRODUCING CAHNERS 
CAPS™ ON THE SUN-3™ FAMILY 
OF WORKSTATIONS. 


THIS NEW, PRODUCTIVITY: 
BOOSTING ENGINEERING 
TOOL AUTOMATES, 
ACCELERATES, AND 
OPTIMIZES THE SELECTION 
OF INTEGRATED CIRCUITS 
AND SEMICONDUCTORS. 


CAPS WILL CHANGE THE WAY 
YOU WORK! 


CAPS is a trademark of Reed Publishing, U.S.A. 


Imagine having up-to-date information on 
more than 425,000 devices from over 375 
manufacturers worldwide at your fingertips. 


Think about instantly accessing crisp, clear, 
unabridged images of manufacturers’ 
datasheets, with the same text, tables, and 
graphics found in the printed versions. 


Consider applying the power of menu-driven 
parametric searches that can identify devices 
which conform to your specifications. 


This is CAPS. It’s new. It's different. And it 
gives you all the information you need to 
make critical component selection decisions. 


Available on a subscription basis and updated 
every month, CAPS comes complete with a 
four-disc CD-ROM reader, ready to install on 
your Sun® engineering workstation. 


IBM is a registered trademark and AT is a trademark of International Business Machines Corporation. 
Sun is a registered trademark and Sun-3 is a trademark of Sun Microsystems, Inc. 


© CAPS User's Guide 
(3) 


Learn more about how CAPS can take the 
drudgery out of your component selection 
process. Call or write: 


Cahners Technical Information Service 
275 Washington Street 

Newton, Massachusetts 02158-1630 
Telephone: 617-558-4960 

Facsimile: 617-969-6949 

Telex: 940573 

Toll-free: 1-800-245-6696 
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ighter, thinner, brighter. 


The difference is dramatic. 
Because Toshiba’s new single-layer 
M-ST LCD modules are 25% lighter 
and 15% thinner than double-layer 
panels. And their high-contrast and 
brightness make them easier to see. 

The M-ST LCD module from 
Toshiba. Lightweight, thin, easy to 
see. A new industry standard in 
monochrome LCD performance. 

All in all, quite a feather in our cap. 


@ Two sizes available: 640 X 400 dots (TLX-1501-C3M) 
and 640 X 480 dots (TLX-1551A-C3M) 


In Touch with Jomorrow 


TOSHIBA 


Toshiba America Electronic Components, Inc., Chicago Office: One Parkway North, Suite 500, Deerfield, IL 60015-2547 Tel: 312-945-1500 
Eastern Area Office: 25 Mail Road, 5th Floor, Burlington, MA 01803 Tel: 617-272-4352 Fax: 617-272-3089 
2994 North Western Office: 1220 Midas Way, Sunnyvale, CA 94086 Tel: 408-737-9844 Fax: 408-737-9905 CIRCLE NO 128 


For further information: 


This advertising Is for new and current products. 


Please circle Reader Service number 
“for additional information from manufacturers. — 
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All Pulizzi Engineering MTD™ controllers. are” 
_/compatible with DEC and UPS systems. ao . . 
- PRICES FROM $436 TO $305 


DON’ T WAIT UNTIL IT HAPPENS, CALL TODAY! 
PULIZZI_ ENGINEERING. INC. = 
~ 3260 S. Susan Street, Santa Ana, CA 92704-6865. a | 
: (714) 540-4229 FAX (74) al 9062 4 


_ available for 20 thru 100 pin chips. WW pin : . 
rows are on .3” centers. Unit pricing forthe 
_ S2pinversionis $41.00 delivered from stock. 


~ ANTONA CORPORATION o ae 
1643 1/2 Westwood Blvd., L.A., CA 0024 a 
a 3) 473-8995 FAX # (21 3): 473-7112 


PRICES: 64K Emulator and pod $25907 - 
4K Trace $1995" - 


CALL OR WRITE FOR FREE DEMO DISK! 


: n OHaU 51 E. Campbell Avenue 


Campbell, CA 95008 
_ ‘CORPORATION 


FAX (408) 378-7869 it; 
(408) 866-1820. “USonly | | 
a se PAGE 118 a 7 ee 
SACLE NO G2). cc LL . _ CIRCLE NO 326 : . CIRCLE NO. 327, = BOs a | 
DEVICELEADER |S teuty < 
The PROM/PLD Programmer most recommended to buy: Pe y $495 a FREE 
~ ALLPRO™ now PC based or Stand-Alone | Affordable - is ATALOG 


: End-to-End Not Copy Protected! | S : 
oe | on 


Package 
“Interface 
Boards — 


DC/CAD Iv"- Level 1 


Design Computation revolutionizes CAD industry with 1 new 
low-priced DC/CAD IV - Level 1 with no copy protection! — 
Ideal for Surface Mount work, package enables -_ ae 

layout and autorouting of PCBs by offering: 


ALLPRO is the only true pin driven ae that he 
has performed flawlessly over arangeof1800 | — 


devices. Recommended by IC manufacturers as | —e High Capacity Schematic Capture Og 164 a talog lists th y 

on e Multi-strategy Autoplacer : 4 p ge ca a og ists t e compan / 
the most flexible and wellsupported product, it | = Guiutess*1 cu" Parcs Placement and Autorouting | lines of analog and digital /O board 
now can be offered fully integrated withthe most | «Interactive Routing with Diagonal Turbo Hugger ti ter, / 
popular PLD design software: CUPL™ Suc- oo _@ Gridless, Diagonal RipUp/Reuy Autorouter communica ions in c aces, counter, 

| o Theewh ee oe timers, memory and disk cards, motio! 

cessful design projects mean having the most -— @ Full 2-way GERBER support _ ? 
successful design tools. Get an ALLPROdemon- | @ Full 2-way DXF support -_-'|_-_ control interfaces, signal monitoring an 
" g | Sect 0 6; || (control. boards, accessories: and s 
Strated to youtoday! = i pup er 100" ag) ware. : 


CONTEC Microelectronics 

2010 N. First St. 

San Jose, CA 95131 | 

e OLL FREE 1. -800-888- 8884 
CIRCLE NO 328 CIRCLE NO 329 CIRCLE NO. 330_ : 


To Saas in Product Mart, Call Joanne Dorian, 212/463- ee 
YN September 14, 1989 _ 


Ri 
WBDESIGN pe 
LOGICAL DEVICES, inc. | @X COMPUTATION catttopay. 
1201 NW 65th Place, Fort Lauderdale, Florida 33309 © 


é - Route 33 Sherman Square, Farmingdale, NJ] 07727 of 
Ee ie ad (e0e) EEI- -PROM, Telex 383142 | 201) 938-6661 FAX:(201) 938-6662 Telex: 510601 8352 
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| Only a Specialized Manufacturer Could Provide 
Versatile and Economic Products — 


With more than 11 years’ experience in this field, we J 
proudly offer you various types of conductive silicone 
rubber pads, rubber pads with multicolor and screen |. 
printing, silicone rubber overlay, rubber pads with = 
screen printing on plastic keytops, 0 rings, washers, 
inner caps, tubes, etc., and screen printing flexible +—__ 

_ circuit boards. Please contact us for more information. 


: GENERAL SILICONES CO., USA 
KJ 650 W Duarte 305, Arcadia CA 91006, U.S.A. 


Tel: (818) 445-6036. Telex: 3716189 GSCUI. 
Fax: 818-4456084 
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RELIABILITY 
PREDICTION 
SOFTWARE 


ARE YOUR PRODUCTS RELIABLE? 


The RelCalc 2 Software Package predicts the reliability of your 
system using the part stress procedure of MIL-HDBK-217E, 
and runs on the IBM PC and full compatibles. Say goodbye 
to tedious, time consuming, and error prone manual 
_ methods! RelCalc 2 is very easy to use, and features menu 
windows, library functions, global editing for what-if? trials, 
and clear report formats. Try our Demo Package for $25. 


T-CUBED SYSTEMS, 31220 La Baya Drive #110, Westlake 
Village, CA 91362. (818) 991-0057 © FAX: (818) 991-1281 
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ANALOG CIRCUIT SIMULATION 


Voltege Current  *BCA-2 2.40 4 Plots exemple, Capecitive filter Power 
Nolte 7 ee uM Bee ad ae ote 
2. -0.02 x 


eee See eer 0. 
_ 0.0025 0.005 0.0075 ~ 0.02 
s Time in Seconds x 
ECA-2: For design engineers who hate to waste their time and money, ECA-2 
Electronic Circuit Analysis is a high performance, low cost, interactive analog 
Circuit simulator. It reduces equipment expenses by eliminating the need for 
temperature chambers, signal generators, etc. Cuts weeks out of the design 
cycle time by simulating instead of prototyping. Available for a wide range 
of computers and operating systems. 
ECA-2 Offers ¢ Frequently updated 


© AC, DC, Transient — © Built-in real time ¢ Over 500 nodes 
Fourier, Temperature graphics © Money back 

¢ Worst-case, Monte _— Multiple plots Quarantee 
Carlo e Interactive or batch = SPICE compatible 

e Sine, Pulse, PWL, —® Online help models 
SFFM, and Expo- e Full nonlinear — © 2 to 50 times faster 
nential generators simulator than SPICE : 

5 ECA-2 2.40 IBM PC 

Turn-key Systems Available Call for more info and FREE DEMO disk 

Tatum Labs, Inc. 


3917 Research Park Dr. B-1, Ann Arbor, Mi 48108, USA 
: 313-663-8810 g 
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AFFORDABLE ELECTRONICS C.A.D. 
EASY-PC 


es 


PCB’s and SCHEMATICS FOR £98.00 
- Have you an IBM PC/XT/AT or clone? 

- Would you like to be able to PCB layouts up to 17" square? _ 

- With up to 1500 IC's per board, from up to 100 different outlines? 
- With up to 8 track layers and 2 silk screen layers? 

- That can be used for surface mount components? 

- With the ability to create, save and modify your own symbols? 

- That is as good at Circuit Diagrams as it is at PCB's? 

- That outputs to Dot Matrix Printer, Pen-Plotter or Photoplotter. 

- Where you can learn how to use it in around an hour? 

- With the ability to locate on grid or to 0.002" resolution? 

CREDIT CARDS WELCOME 


NUMBER ONE SYSTEMS LIMITED 
WRITE OR CALL FOR FULL INFORMATION REF EDN:- 
HARDING WAY (USA 011 44 480 61778) 
ST.IVES (UK 0480 61778) 
CAMBRIDGESHIRE 

ENGLAND PE17 4WR 
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RS-422/485 DUAL CHANNEL 
INTERFACE FOR PC/XT/AT 
NOW $179. 


The best 
price/performance 
you can get! 


Two independent RS-422/485 channels 

Communicate up to 5000 feet at 56000 baud rate 

Switch selectable |/0 address 

Support TX, RX, RTS and CTS signals 

Complete RS-485 driver enable options: 

Always-on, RTS-Enabled or Control-Bit-Enabled 

e@ Switch selectable wait states (0/2/4/6) for high 
speed PC’s 

@ Aggressive discount available for OEM & Dealers 


CALL FOR FREE 
PC-LabCard CATALOG 
(408) 293-6786 


American Advantech Corporation 
1460 Tully Rd., Ste 602, San Jose CA 95122 
TEL: 408-293-6786 FAX: 408-293-4697 
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Advantech 
Aad 


JEEE-488 


488 (GP-IB, HP-IB) control for your PC/XT/AT 


Control instruments, plotters, and printers. 
Supports BASIC, C, FORTRAN, and Pascal. 
Fast and easy to use. High-speed DMA. 
Software library included so you spend 

less time programming. 

Thousands sold. Risk free guarantee. 
Hardware and software - $395. 


Product literature 1-800-234-4CEC 
Technical assistance 617-273-1818 


Capital Equipment Corp. 
Burlington, MA. 01803 
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8051 Emulator - $1250 


d7ICE is a low cost, Full Speed, real time 8051 
Emulator.. Powerful user interface for Hi-level 
multi-window source code debugging. Uses 
IBM-PC COM1/2. No Slots! Portable, fits in 
shirt pocket. Assembler and test bed included. 


Cybernetic Micro Systems 


Box 3000 e SanGregorio, CA 94074 
(415) 726-3000 e Telex: 910-350-5842 
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PC/XT/AT BUS 
DATA 
ACQUISITION 


Data Acquisition & Control Products 
for the PCUMT/AT Bus 


Free 
Catalog! 


AD1000 12-Bit A/D, DIO, Counters 


$295 
ADA300 8-Bit A/D, D/A, DIO — $239 
DG24/96 8255-based DIO $95/$239 
TC24 Am9513 Counter, DIO $189 
DA600 2/4 Channel 12-Bit D/A $179/$239 


All cards made in USA! 

We offer a wide range of A/D, D/A, DIO, counters, 
prototype, extender cards, interfacing books & access- 
HS 30 day NO RISK return and 1 year warranty on all. 
cards. 


Real Time Devices, Inc. 


531 E. Marylyn Avenue 
P.O. Box 906 
State College. PA 16804 USA 


814/234-8087 
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New AFDPLUS 
Advanced Active Filter Design Software 


right: 18.808 k 
lower=~ 119. 888 


| % cersors -> ieft= 108.808 
¥ cursors -> upper= 5.986 
5.088 


difference: 9.998 tts 
difference: 115.888 a 


e Fully Interactive ¢ Menu Driven 


° On Screen Design e Automated Installation 
& Evaluation e Schematic Display & Print 
e On Screen Editing 


Introductory price $850.00 (price effective through 08/15/89) 
Call for your FREE DEMO DISK (303)-499-7566 or to order 
AFDPLUS send check or purchase order to 


RLM Research 
P.O. Box 3630 
Boulder CO 80307-3630 ® ® 
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Z-1000B 
UNIVERSAL 
PROGRAMMER 


‘Transformers as innovative — 
as your designs — ~~ 
52-page full color catalog provides descrip- eS 
tions, illustrations and complete specifications 
on thousands of standard off-the-shelf trans- 
formers, power supplies, power conversion 
and AC-DC designs. Also covered is Magne- 

_ Tek Triad’s custom design service which has — 
designed and manufactured thousands of — 
custom transformers, from small switches to 
large ferro-resonant models. 


PLCC Package Adapter Clips 


@ QuadClip™ turns your surface-mounted PLCC package 
into an accessible, pin-grid package for easy emulation. 

@ Makes it possible to test chips on production boards 
without un-soldering your PLCC packages. 

e Can be attached to packages with up to 84 pins, including 
the 68000 series chips and 8031-51 chip. 

® Custom orders get immediate attention and aes turn- 
around. For a free catalog, contact: 


a i PROGRAM THOUSANDS OF DIFFERENT 
DEVICES 

=™ NO PERSONALITY MODULES REQUIRED 
DESIGNED FOR EASE OF OPERATION 
STAND ALONE AND MS-DOS DRIVEN 

m@ SELF CALIBRATING 

™@ QUICK FLIP LCC AND SMT ADAPTERS 


For more information, write MagneTek Triad 
1124 E. Franklin St., Huntington, IN 46750 


hone (219) 356- 7100. S 
Rldal s aile, Mere 


Emulation Technology, Inc. 
2368-B Walsh Ave. Santa Clara, CA 95051 
Phone: 408-982-0660 FAX: 408-982-0664 


S| CIRCU IT om j 
I/O board . § - »s aso anagem 


 . Ideal for 
Single-slot Qua Tech PXB-721 


SUNRISE ELECTRONICS, INC. 
524 South Vermont Avenue, Glendora, California 91740 
(818) 914-1926 
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embedded 


7 e ee ae control, digital 
for PC-AT has 72 digital 1/0 § E A RCH ee cea 
_ lines. Connect three choices of oe 


_ applications 2 2 


— data acquisition modules. - 


Electronics Designers, Engineers, Educators, Researchers: 
: diqtgtg Labtech Notebook = 100mm square 


Bibliographic Database of sources (papers/ articles from journals / | 64-128 Kb RAM, 16 kb ROM - - 7elo Wart sh at - 
magazines) for over 10,000 practical electronic circuits. Why wait online on | 2 4 Ultra high speed serial and parallel ports : 
an expensive database service when you can have it on your PC? . High speed peripheral I/O cards available 


For order info, call: 

— 1-800- 553 -1170 ° ideal for research, education, and other design areas ae Complete development system | 2 
2 ¢ interdisciplinary - references over 200 journals as diverse as electronics, . vie alte multitasking, realtime Forth operating 

physics, computers, nuclear science and biomedicine system with optimizing compiler in ROM 


G2 QUA TECH « appicatons in andog dalek Oana Sisley ele Editors Choice - Embedded Systems Programming 


- Applications instantly ROMable © 
° search by keywords in titles, circuit descriptions, device types, author, eae source code available 
_ journal / magazine, and more 


IBM PC-based Host software included — 
e data in dBase ® Ill / dBase !ll+ compatible format High speed disk, graphics terminal eraiaten 
e subscription to update and revision services available 


e photocopy service available (Copynght Clearance Center) Innovative Integration 
4086 Little Hollow PI., oe CA 93021 


QUA TECH, INC. 
478 E. Exchange Street 
Akron, OH 44304 


Labtech Notebook is a trademark _ 


of Laboratories Technologies Corp. — Send $7.00 for sample diskette of 400 references, information and pricing (805) 529-7570 


P.O. Box 268 Breslau, Ontario Canada NOB 1M0 22 : 
CIRCLE NO 344 CIRCLE NO 345 


(E)EPROM Multiprogrammer™ 
DATA I/O 212* Performance 


he Only $99 5 : 


100% USA 
Made 


DC Model 
Available 


CIRCLE NO 343° 


UV ERASER 
WITH DATA 1/0’S 201 
EPROM PROGRAMMER. 


For $995 the 201 gives you: 
Support for EPROMs 
and EEPROMs 
up to 512K, 
Full after-sale 
support from 
Data |/O® 
Order a 201 today and 
get a FREE UV eraser—a $40 value. The 


supports 
(EYEPROMs 


REE 26 Pigs CATALOG with all 


Datarase || erases up to 4 EPROMs in styles and designs of matching up to 40-pins. 
3 minutes. instrument knobs illustrated. . ORIN REEOBEL (al 
F Fax us ye x ge athe | @ SET/GANG 4 (E)EPROMs Opt. 
aX JOG & Wee ceeeerenoly @ Parallel port for Fast Up/Down Load. 
@ 256K bytes, expandable to 16megabits. 


: 555 Marion Road 1-800-523-1565 
DATA L/O -_- Columbus, OH 43207 BIVITIElK In Florida (407) 994-3520 
Corporation Fax: 614/445-8224 Phone: 614/445-8433 Fax: (407) 994-3615 


* DATA I/O is a registered sae } DATA |/O Corporation 


CIRCLE NO 346 CIRCLE NO 347 CIRCLE NO 348 


To advertise in Product Mart, call Joanne Dorian, 212/463-6415 — oS 
DN September 14, 1989 oe | | a Fo 


Free MSDOS & Mac 
Software Catalog for 
Electronic Engineers 


AC/DC Circuit Analysis e Active and Passive 
Filter Design @ Screen/Printer & Pen Plotter 
Graphics for Engineers e LaPlace Transfer 
Function/FFT Analysis e Logic Simulation e 
Root Locus Analysis e CAD/CAE e Digital 
and Analog Signal Processing e Curve 
Fitting @ Statistics e Thermal Analysis e 
Math e Microstrip Design and Analysis e 
Data Acquisition e VISA & M/C Accepted 


BY Engineering 


Professional Software 


2023 Chicago Ave., Stuite B-13  @ Riverside, CA 92507 
Tel: (714) 781-0252 @ U.S.A. @ TELEX: 6503089864 
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Wine 


P-CAD Racal-Redac Tango 


HIGH DENSITY - LOW INSERTION FORCE 
48-490 POSITION HIGH REL PC CONNECTORS 
KA/254 Printed Circuit Board Connectors are available with 
4 row models with from 48 to 392 positions and 5 row models 
with from 230 to 490 positions. These connectors meet 
D55302 performance requirements. Crimp, flow solder, wire 
wrap® and solder cup terminations are available on .100” x 

.100” grid spacing. 
HYPERTRONICS CORPORATION 
16 Brent Drive, Hudson, Massachusetts 01749 
800-225-9228 
(In Mass. & Canada (508) 568-0451) 
FAX: 508-568-0680 
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Analog Circuit Simulation 


IsSpice/286 Breaks the DOS Barrier 


Run Unlimited 
Size Simulations 
on Your PC 


IsSpice/286 $210, a 
complete Spice pro- 
gram that runs on 
80286 based PC's 


in extended mem- Telesis Calay Case 
ory. Circuit size is Mentor Protel Scl-Cards 
Cadnetix 


only limited by the amount of extended memory. Simu- 
lates over 700 components per megabyte of RAM. 
IsSpice/386 $386, The fastest PC based Spice program 
1000 components per megabyte of extended RAM. 
IsSpice $95, Runs on any PC . AC, DC, and Transient. 


Special Graphics Turn Your PC into a Workstation 


then Superoute can improve your 
PCB design productivity today! 


Superoute is the only PC-based autorouter that 
achieves 100% routing results. And with features like 
artificial intelligence, rip-up-and-retry, and SMT 
support, Superoute has the power to tackle your 
toughest board designs. 


SpiceNet $295, Schematic editor for any Spice 
simulator. Generates a complete Spice netlist. 
IntuScope $250, Graphics post processor that 
performs all the functions of a digital oscilloscope. 
PreSpice $200, Extensive model libraries, Monte Carlo 
analysis and parameters sweeping. 


= P.O. Box 6607 (213) 833-0710 


= San Pedro,CA 30 Day Money 
intusoft 90734-6607 _—_— Back Guarantee 
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C for the 8051 
Compare: 


Benchmark Results —Sample program: 
Eratosthenese sieve Program from BYTE (1/83), 
expanded with I/O and interrupt handling. 


Contact us to find out how a $2000 investment in 
Superoute can turn your CAD system into a 100 
percent autorouter. 


Router 180 Newport Center Dr. 


s Suite 180 
Solutions INC. Newport Beach, CA 92660 


(714) 721-1017 
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Archimedes 
ICC51 MCC51 FRANKLIN 
v2.20A v1.2 C51 v2.1 


PROMECAUTONRAKID » )) 
Full-featured professional PCB lay- 
out for both through-hole and SMD 
designs. Auto component placement 
from Netlists. Interactive and Full 
Autorouting. Support for popular 


12sec 
29 sec 


Compilation time 
Linkage time 


Execution time | 17.45 sec printing/plotting formats, including 
Total code size | 5378 bytes Gerber eres photoplots. Supports 
up to 4MB of expanded memory. 
Sieve module 736 Dealer 


° Protel offers other fine programs: PROTEL- 2 
size SCHEMATIC, the easy to use schematic cap- Inquiries 
ture program, and PROTEL-EASYTRAX, the Welcome 
A easy to learn manual PCB design program. 
Call now for your free DEMO disk. TAROWARE : 


S$ FRANKLIN =e TOLL ee (800) 5 


SAH Ge Hyovare nCAMLAK &Conads, cal wos esr7 [TE 
888 Saratoga Ave. #2 ¢ San Jose, CA 95129 PROTEL TECHNOLOGY INC. = 2 


A Member Company ot Critec Corporation 
(408) 296-8051 ¢ FAX (408) 296-8061 ees (408) 437-7771 
CIRCLE NO 755 


San Jose, CA 95110 fax (408) 437-4913 
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UNIVERSAL 
PROG RAMMER 


8748/51SeriesPROGRAMMING 
& IC/Memory TESTING 
High-Speed, Parallel Interface 
ONLY $545 COMPLETE 
Also Individual/Gang Units 


XELTEK 
473 Sapena Ct. Unit 24 
Santa Clara, CA 95054 


1-800-541-1975(Toll Free Order) 
Tel: GOD VISA -6995, Fax: (408)727-6996 
ISA, MC, AM EX Accepted 
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MINIATURE 70 WATT DC-DC CONVERTER 


Interpoint announces the addition of the MFW series of 
50-70 watt DC-DC converters to its line of HI-REL devices. 
Up to 88% efficient, these converters are avail in 5, 12, 15 V 
single, dual & triple output configurations. For MIL & other 
HI-REL applications, 125°C Te is possible with derated 
power output. Additional environment screening is avail. 


Interpoint, 10301 Willows RD., Redmond, WA, 98052, 
800/822-8782. 
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6800/6809 


: control and monitoring. interfaces . 

for sensors, transducers, analog signals, 
olenoids, relays, lamps, pumps, motors, 

_ keyboards, displays, IEEE -488, serial 1/0, 

_ floppy disks. 


s Wintek Cotp, 
ST WINTER | cones, P 
347-742-8428 


800-742-6803 
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| WRITE OR CALL FOR SAMPLE 
Low Cost Tempilabel® Temperature Monitor. 


Tempilabel® "Mia" 


38 C 43.C 49C 54C 


— ii COMPATIBLE RS232/488 
— 8% K5%" FLOPPY DATA STORAGE 
- & TRANSFER SYSTEM : 


8€ 00L-VP ON 


100 F 110 F 120 F 130 F 
CENTERS TURN BLACK AT RATING SHOWN 


So Plaintield NJ USA 


ee 40/60 


BOC 66°C 71°C 77°C 82°C a 93°C wre 


OOUGDOOOD 


140°F —150°F 160°F 170°F 180°F 190°F 200°F 210°F 


tow to put alow cost 
temperature gauge | 
on everything. 


Label’s center spot turns black when surface to which 


| Information Transfer to/from ‘Non IBM Compatible Systems to/from 
| 1BM & Compatibles: (Over RS-232 or 488 Interface). 
__ @ Reads & Writes MS DOS Disks 


Cus sport via voice line, dedicated RBS or fas. Fall e = A 
one ee it san ets Pa eraran fee = RS-232/: 488 I/ 0 


Racimuibeocyémsnacrecratmresss --|_® Rugged Portable Package/battery option 


© MS DOS Driver for ‘Plug & Run” RS-232 itis affixed reaches specified temperature. Single- or 
| External Operation multi-spot labels with pre-determined increment of 
Handle ( pases P — 1s Baud Rate 110 to 38.4K Baud ratings: 100°F (38°C) to 600°F (316°C). 1% accuracy 
——— --«|_~—- @ 360K/720K RAM Cartridge Option guaranteed. 1 thru 8 ratings on each monitor with 
a io = | © Price $895 in Singles-OEM Qtys. $495. various increments. Self-adhesive, removable. 


| 28 other pacwed with storage from 100K to 42 megabytes. 


ANALOG & DIGITAL PERIPHERALS, INC. 
_ 251 South Mulberry St., Troy, Ohio 45373 
~P.0. Box 499 TWX 810/450-2685 
513/339-2241 FAX 513/339-0070 
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in 1N@ SOURCE 
: ad eS $50.00 B : 0 CODE 


PseudoMax Cross-simulators $100.00 oo co The | i a ; ; ; 
PseudoSid Cross-disassemblers $100.00 2 The The AT BiesKit is a book with diskettes 

ck Lae Package $200.00($50.00 Savings) containing source code in C, plus utility pro- 

- POWERFUL  — grams to help you create a Bios. Now you can - 
orp open an extensive line of professional cross-development| have a Bios with documentation for your own 

evi ed du i 

ee oe applications: modify boot-up, eliminate the 

rs that eae testing and debugging of te program we 5 keyboard, install security features, etc. Only 

are exists sy tO use - disassemblers to es recover lost $199 complete. The xT BiesKit i is only $99, or 
-AFFORDABL . | | get both BiosKits for $279. The Intel Wildcard 


Supplement for the XT BiosKit is $49. 


— XT-AT HANDBOOK — 


The XT-AT Handboek is full of hardware and 

software information in a shirt pocket size book. 
Over 70 pages covering 38 subjects, including 
connectors, I/O maps, controller programming, 
DOS and DEBUG commands, board dimensions, 

character codes, hard disk drive types, and 


TEMPIL DIVISION, Big Three Industries, Inc. : 
2901 Hamilton Bivd., South Plainfield, NJ 07080 
Phone: (201) 757-8300 Telex: 138662 
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gms OLIVE, "AVE, "SUNNYVALE, CA 94086 te 
. _TEL: 400) 720-6511 FAX: toon) 20-5521 


.ore waiting for system time, at these prices every Engineer 
onal development system on an IBM PC or compatible. 


ROAD RANGE OF SUPPORT 


rp currently has products for the following microprocessor 
es (with more in development): : 
intel 8048 ~ RCA 1802,05 Intel 8051 Intel 8096 
= Motorola 6800 Motorola 6801 Motorola 68HC11 Motorola 6805 
| Hitachi 6301 _ Motorola 6809 MOS Tech 6502 WODC 65C02 
~ Rockwell 65CO02 Intel 8080,85 Zilog Z80 NSC 800 
chi HD64180 Motorola 68000,8 Motorola 68010 


rn more information call, write or use ae oe service number below ze 


MULTIBUS™ AT-COMPATIBLE SBC . 
Multibus | is now IBM PC/AT™ compatible with MAT286™ our newest 
single board solution. MAT286 includes all of the functions of a 10 MHz 
AT motherboard, plus 2 serial ports, a parallel port, two SBX expansion- 
module interfaces, up to 512K EPROM/EEPROM/SRAM, and up to 4M 
of parity-checked, dual-ported DRAM. A piggy-back card, MATxSYSIO, 


Multibus is a registered trademark of Intel Corp. 
MAT286 and MATxSYSIO are trademarks of Single Board Solutions, Inc. 
IBM and PC/AT are trademarks of International Business Machines Corp. 
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der, call orwrite: — a much more. Only $9.95 each qty 1-4, five or adds EGA, floppy, and SCSI interfaces. Embed all the guts of an AT, two 
: Peeudocorp p oe more, $5 each. SBX modules, and more, into two Multibus slots! 
; ‘onal Development Products Group) cm ——} Phone (408) 253-0250 or write for more information. 
_ Eee oO o Annabooks aoe ‘Single Board Solutions, Inc. 
(804) 873-1947 | 12145 Alta Carmel Ct Suite 250-262 20045 Stevens Creek Blvd, Cupertino, CA 95014 


San Diego, California 92128 
a : (619) 271-9526 
- _CIRCLE ENO 3 ee __| CIRCLE NO 762_ 
Surface Mount Chip component yn AI : } — 
Peers || MICRQOTRACKER g~ “Telecom Design! 
EN | Real-Time Software Analyzer/Debugger 12 VOLT DTMF 
ARGE Ss | RECEIVER 


_M-957-01 converts DTMF signals to 
logic level outputs. For PBX and feature 
phone services, radio-to-telephone, remote 
control and monitoring, telephone banking, 
computer data entry, and more. Ideal for 
battery-generated devices due to operability : 


_ The MicroTracker™ can significantly reduce the 
cost of your next real-time product development 


CC-1 Capacitor Kit contains 365 pieces, 5 ea. of every _ project. Advanced features speed software devel- over wide power range. 
value from ipf to 33yf. a aah Kit alla opment and enhance quality assurance. @ 22-pin DIP 
ieces; 10 ea. of every 5% value from 102 to 10 meg: if = 
are 0805 and 1206. Each kit is ONLY $49.95 and CE Eee ce ae hy @ Excellent dial tone and speech immunity . 
for Immediate One Day Delivery! 5 @ Interval Timer for Z80, 8085, 6502, @ 5 through 12 volt supply 
der by toll-free phone, FAX, or mail. We accept eee eae 3031/8051 80188/80186 
\, MC, AMEX, COD, or Pre-paid orders. Company | IBM PC Software VAlyVS0 : : For more info call: 1-800-426-3926. 


, ’sa spl with Barrens: credit. Call forfree | ‘m Symbolic Disassembly 


i COMMUNICATIONS SPECIALISTS, INC. 
426 West Taft Ave. * Orange, CA 92665-4296 _ 


@ Low Cost from $1295. Call for Free Brochure 
LOGICAL 52 W. HENDERSON RD., 
' COLUMBUS, OHIO 43214 
: Local (714) 998-3021 » FAX (714) 974-3420 Mmmm ADVANCES (614) 267-4405 
tire USA 1-800-854-0547 | 


‘CIRCLE NO 764 a _CIRCLE NO 765 


(In Washington State: 206-827-9626) 
WELCONE’ 
10801-120th Avenue NE, Kirkland, WA 98033 
CIRCLE NO 766 


END WARPAGE WITH 
2 parallel, BOARD STIFFENERS 


2 serial, 1 board 


PLD PROGRAMMER 


$798 


@ Programs, reads, 
duplicates, tests 
and secures over 
875 20- and 24- 
‘ak real devices 
rom 19 mfg’s 

= Approve by 


Qua Tech DSDP-402 for PC-AT 
has two parallel ports, and two 
manufacturers serial ports for any combination 
C IBM 
: compatible vio poral printer port of RS-232, 422, and 485 com- 
Sy oe ive coupons free! munication. All ports address 


@ Edits fuse maps and test vectors 
= Toll-freetech support ™ Same day shipment selectable. Interrupts sharable 


@ 23 Universal pin drivers ® JEDEC file input/output 


® Unconditional 30-da back tee 
% $798. iichides- chalk ssiare. coble. user's and selectable. e Rigidize board during, after assembly 
manual, one-year warranty, 2 free update coupons For order info, call: e Prevent vibration and shock damage 
The Engineer’s Proogrammer™ 1-800-553-1170 ° One-step installation 
CALL FOR FREE DEMO DISK : regal no eye e 
800/225-2102 C2 Qu e Use as ground or carry up to 64 amps 
713/461-9430 FAX 713/461-7413 A TECH Send for Rogers Board Stiffeners 
CLorLerir.u QUA TECH, INC. Application Bulletin. 
BPoaicrosystems ee Rogers Corp., 2400 S. Roosevelt St. 
10681 Haddington, #190, Houston, TX 77043 . Tempe, AZ 85282 602/967-0624 
CIRCLE NO 767 CIRCLE NO 768 CIRCLE NO 769 


DATA i/0 PROGRAMMERS: 
GREAT, H/W FLEXIBLE. 


SAILOR PROGRAMMERS: 
GREAT, S/W FLEXIBLE. 


Find out why. Please call for a free demo disk. 

Sailors support: * 7ns PALS * 12ns GALs 

ee oo . * 2-MEG EPROMs * PROMs * EEPROMs 
a * EP900 * EP1800 * 8751 and many more 

LCD WINDOWS CONTROLLER 


The CY325 supports LCDs up to 128x240 pixels 1-800-627-2456 
(16x40 char) with easy-to-use high-level commands FAX 408-736-2503 


and Parallel or Serial interface to host computer. The 


256 built-in windows (or make your own) support Advin Systems inc. Schematic and PCB Software 
window-relative text, graphics, plotting, bargraphs, Create and revise schematics and PCBs quickly and 
waveforms, scroll/wrap/clip, etc. Read from an A/D wees simply with HiWIRE-Plus® and your IBM PC. Use 
and Write into Window! Separate text and graphic ee — symbols from HiWIRE-Plus’s extensive library 


planes can be written or erased in any window. Eight : : 
pins support a variety of functions (soft-keys, waveforms) modify them, or create your own quickly and pain- 


or can be used for GP I/O. Icons or special fonts can be — - lessly. Netlist, bill-of-materials, and design-checking 
user defined. Giant character mode, etc. Save months et utilities are included. HiWIRE-Plus is $895 and 
of design time with the CY325. $75 CMOS $20/1000s. - comes with a thirty-day money-back guarantee. 


Cybernetic Micro Systems Inc. a _. oo Seiden cel eS 
pias an) pe oe ee a fee Data I/0: trade mark of Data 1/0 Corp. * Sailor: trade mark of Advin Systems Inc. (800) 742-6809 or (317) 742-8428 


CIRCLE NO 770 CIRCLE NO 771 CIRCLE NO 772 


Solenoid Valve create one Se 
Engineering Catalog 


THERE’s Nothing to it!!! 
PROMDISKtm_ III 


IBM PC DISK EMULATOR CARD 


IBM 


B PC/XT/AT 


MIL-STD-1553 Interface Board * On-Board BIOS ROM 
* IBM PC/XT/AT Compatible 


For |BM-PC/XT/AT or Compatibles . _.. 
Dual redundant bus controller; remote _ Bong anced FoseMbie Die 
terminal and monitor with powerful * Occupies 32K PC address space 


Send for the latest 40-page Solenoid Valve catalog from * -Wi ] 
easy-to-use software. From only $2095 Deltrol « Packed with agetul Ionmation on full "anae o 2 & “ se eas bone a ro. 
Call now for data on MIL-STD-1553 and 3-way solenoid valves for most liquids and gases « Direct 


acting normally open and normally closed models with 
ARINC 429 for PC/XT/AT, VME and VXI plastic-molded coils, brass or stainless bodies. For Information Call or Write: 


Ballard |i (2X 7st. DELTROL 2745 S. 19th St MICRO COMPUTER SPECIALISTS, INC. 


Milwaukee, WI 53215 810-208 Los Vallecitos 


Technology 1206) 782-8704 Controls |Q Prone 414/671-6800 San Marcos, CA 92069 


Bec es (619) 744-8087 
CIRCLE NO 773 ' CIRCLE NO 774 CIRCLE NO 775 


To advertise in Product Mart, call Joanne Dorian, 212/463-6415 
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Back annotat;,,, 
/SPICE Simulation 

Se Gate swapping 
Gerber and Ne pri’ Critical path anatysig 


Attention AutoCAD® Users: 


Unleash your hidden power with 


AutoPCB”" 


Call Cadisys at (408) 732-1832 
624 E. Evelyn Avenue, Sunnyvale, CA 94086 


CIRCLE NO 776 


INTEGRATION 


Obtain complete 

cradle-to-grave 

performance from 

your personal computer 

“CAD system when perform- 

ing electronic packaging 

ign. From schematic capture 

to printed circuit design, to 100% 

pletion autorouting capabilities, it’s 

acre. Now you have one more reason you 

using PADS: Total Integration. Call our 

Sales Hotline today to receive a free Integrated 
luation Package for the PADS-SUPERSTATION. 


Call Your Local Authorized Dealer 
— . In MA: (508) 486-8929 
Littleton. MA 01460 Outside MA: (800) 255-7814 


CIRCLE NO 779 


'135H 
Universal Device Multiprogrammer™ 


DATA I/O 288* Performance 
For Only $1495. 


100% USA 
256K Bytes expandable to 4 Megabytes. Made 


Option Support for Bipolar & PLDs. 

8 32-pin Sockets for GANG/SET Programming. 
Programs EPROMs & EEPROMs to 2048K. 

GANG Options for 40-pin MICROs & 40-pin EPROMs!! 
Stand-alone or Remote Control. 

Parallel Port for Fast Up/Down Load. 

12Month Warranty & 12 Month FREE Device Updates. 


Call Toll Free 1-800-523-1565 
In Florida: (407) 993-3520 * Fax: (407) 994-3615 
* DATA W/O is a registered trademark of DATA /O Corporation 


CIRCLE NO 782 


e Serial Async. Communication up to 4,000ft; 2 or 4 wires; NS16450 UART; 

e COMI1-4; Max. Baud Rate 56KB. High speed version (256KB) - $165. 
e Dual drivers/receivers;Handles 64 devices;Compatible with most comm. sftwr. 

e DB9 or phonejack. Sample communication software available - $50/150 


e@ Includes INSTALLABLE DOS DEVICE DRIVERS and support for BASIC. 

e Additional Support for ASSEMBLY, C, Pascal and FORTRAN - $50. 

e IRQ (1-6). DMA channel 1 or 2. Up to 4 beards per computer. 

e Compatible with most IEEE-488 Software packages for IBM-PC (e.g. ASYS- 
‘AN Lotus re). Compatible with NI’s GPIB-P 


e Powerful menu-driven BUS ANALYZER runs in the background while 488 
programs or commands are executed; Features Program Stepping, Break 
points, real time bus data capture (4K buffer), instant screen toggling. 

e Complete Controller / Talker / Listener capability. Based on TI’s TMS-9914. 

compatible with National Instruments 


IO + Counter 


e 8/16 differential/single ended t Channels; 12-14 bit Resolution; Conver- 
sion Speed 25-110ks/sec; Input ge =0.5V to + 10V. Programmable pacer. 
e D/A: 1/2 channels, 12-14 bit Resolution; DIO: 16Out/16In, compatible. 
e Programmable Interval Counter/Timer; Uses Intel 8253/8254. 


MC/ VISA / AMEX Call today for datasheets! 


B&C MICROSYSTEMS INC. 


- 355 West Olive Ave, Sunnyvale, CA 94086 
TEL: (408)730-5511 FAX: (408)730-5521 


CIRCLE NO 777 


DIGITAL 
VOICE 
MODULE 


*VOICE WARNING *VOICE MEMO *VOICE GUIDING 
Have Your Systems Right To 


“TALK’’ 


* Multi Channel * DRAM, SRAM, EPROM 
* Low Cost * Best Quality 


Your #1 source for voice products! 


Engineering & Products, Inc. 
ESS EES ae SO EE Re SS 


515 S. Palm Ave., *5, Alhambra, CA 91803 
Tel: (818) 570-0058 @ Fax: (818) 576-8748 


CIRCLE NO 780 


SCHEMA II 


SCHEMATIC CAPTURE 
only $495 


ul 
74 4 


Mainframe functions for your PC 
6,300+ part object library DXF output 
and much more FREE, ongoing 1-800 
support 30 day money back guarantee 


== OMATION 
1-800-553-9119 
CIRCLE NO 783 


WE‘RE BENDING THE RULES FOR CIRCUIT DESIGNERS 


BEND/FLEX™, the bendable board 
material flexible enough to bend into 

any multi-plane shape. Eliminates 
stiffeners, flex-hardboard connectors. 
May reduce cost of two- and three-plane 
interconnect systems by as much as 30%! 


Rogers Corporation. One Technology Dr., 
Rogers, CT 06263. (203) 774-9605. 


CIRCLE NO 778 


VERY LOW PROFILE, REGULATED 
25-30W DC/DC CONVERTERS, 3006LP SERIES 


e Input Pi Filter e Remote ON/OFF Control 

e Wide Input Voltage Ranges e Single, Dual & Triple Output 

e Soft Start Models 

¢ Over 500VDC 1/0 Isolation ¢ Over 350,000 Hours MTBF 

¢ Output OV Protection © 3”x2.56” x .375” Package Size 


e Over/Under Voltage Shutdown ° Two Industry Standard Pin-Outs 


_ e Short Circuit Protection e From $135.00/ea. (1-9), 


e Thermal Protection Del. 3 Wks. ARO 
CONVERSION DEVICES, INC. 


15 Jonathan Drive, Brockton, MA 02401 
Tel: (508) 559-0880 Fax: (508) 559-9288 


CIRCLE NO 781 


“Best Value” in PCB Design 


Tango™ sets the pace in PC-based circuit board design 
with an easy-to-use, pop-up menu interface and 
powerful features including 1 mil resolution, 
full SMT support, DRC, Gerber and 
PostScript™ output, fast high- 
completion autorouter, and pho- 
toplot previewing. Configure 

your personal PCB design station 
from our selection of entry-level 
and expert tools, starting at 7 : 
just $595. eet i 


™ 


Oy) 


See for yourself why engineers rated 

Tango the “Best Value” in PCB design at CAD 
Showdown ’89. Rich functionality, one year’s 
updates, free tech support and BBS, plus our 30-day 
guarantee. Call today. 


_. FREE EVALUATION PACKAGE 
800 433-7801 619 554-1000 619 554-1019 Fax 


ACCEL™ Technologies ® 6825 Flanders Drive ® San Diego, CA 92121 USA 
International prices may vary. Contact us for the distributor nearest you. 


CIRCLE NO 784 


To advertise in Product Mart, call Joanne Dorian, 212/463-6415 
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CAREER OPPORTUNITIES 


1989 Editorial Calendar and Planning Guide 


EDIN si Re 


Issue Recruitment 
Date Deadline Editorial Emphasis Edition 
Oc. 12 Sept. 21 DSP Chip Directory, Closing: Sept. 28 
Integrated Circuits Mailing: Oct. 19 
Oct. 26 Oct. 5 ‘Test & Measurement, Special Issue, Computers & Peripherals Closing: Oct. 27 
Nov. 9 Oct. 19 CAE, Integrated Circuits Mailing: Nov. 16 
Nov. 23 Nov. 2 16th Annual wPC Directory, Closing: Nov. 9 
Integrated Circuits Mailing: Nov. 30 
Dec. 7 Nov. 16 Product Showcase — Volume I, Closing: Nov. 22 
Power Supplies Mailing: Dec. 14 
Dec. 21 Nov. 30 Product Showcase — 


Volume II, Components 


Call today for recruitment advertising information: 


East Coast: Janet O. Penn (201) 228-8610 
West Coast: Paula Compton (714) 851-9422 
National: Roberta Renard (201) 228-8602 


SCIENTISTS AND Eecronic Engineers 


Aerospace Professionals: 


ENG | N ee RS es You’re Needed! 


...at high tech companies in 
New England and 
nationwide. 


The Navy's major air weapon development and test facility # 
is seeking candidates with BS or advanced degree in = 
engineering, physics, computer science, mathematics, and# 
at least two years of professional experience to work in the = 
following areas: = 


Work with 
Computer Science & Engineering 


and enjoy these advantages: 


Weapons/Avionics Integration S ® Immediate openings in rewarding positions 
Tactical Embedded Software Be ® Staffed by technical professionals 

aes : : ee @ Salary/benefit negotiations on your behalf 
Facility/Simulation Software es @ Client companies who assume all fees 
Air Combat Susceptibility/Vulnerabilty ee Submit your resume in confidence to: 
Electronic Warfare Systems = Computer Science & Engineering 


Radar, Laser, EO-IR Targeting Sensors e P.O. Box 1026 / Porter Sq. 
oe Cambridge, MA 02140 
Located in the California high desert, 150 miles north of 
Los Angeles, with excellent access to outdoor recreation. 
Competitive benefits and salaries up to $53,000. 


If you’re looking 
for work, 
just look here. 


Magazine 
Edition 
News 
Edition 
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To apply or request information send resume to: 


Naval Weapons Center 

Code 22202 

Announcement No. 222-31-89-2 
China Lake, CA 93555-6001 


U.S. Citizenship Required/An Equal Opportunity Employer - 


Space exploration began with a vision. 


The fire of imagination —fused with superior seclanioal | 
possibilities. A special vision that creates the kind of | 
Since the nation’s first space communications adventu 
been a world le rader | in the design and manufacture of : 
communications, ‘meteorological, navigational and Sc 
_ fifty satellites currently circling the slobe—and lo: TH 
“Space Station and Mars Obeivia we can offe “nein 
that few are destined to realize. - 


Weis re 


oe Our mission requires the technical proficiency of de 
ee specifically in the following areas: 


Propulean Systems _ Se 
. Launch Vehicle Integration — 
@ Power. Systems 

a Spacecraft Attitude Control 
al Spacecraft Harnéss Design 
ié Solar Arrays | oe 
mi lectr o-Optics 


Our New Jersey location offers all the: advantages of nearby Princeton—within easy access to ‘Nev » York 
Additionally, selected positions are open in historic Valley Forge, PA. In either location, you'll experien 
complements your caréer, providing. unlimited opportunities for personal and professional growth. As t 
engineers and scientists in the world, GE provides competitive salaries and exceptional benefits includ ng tuition. refund. ade 
continuing education programs -so-your expertise is always current and expanding. Rush your resume to; ‘Employee: | 
Relations, Dept. EDNM, G Ir Astro Space; PO. Box peop Princeton, New Jersey 08543- 0800. ee a 


GE Astro Space 


~ Cross the engineering alas 


Telecommunications 
Professionals 


Seiscor Technologies, Inc., a manufacturer of telephone 


transmission equipment and a subsidiary of Raytheon, a 
Fortune 500 company, has immediate openings in Tulsa for noc 
the following positions: 


Hardware Design Engineers 


Join an elite team selected to develop state-of-the-art equipment for transmission In EDN’s 
end of telephone market. Qualifications include a B.S. in Electrical Engineering, two : 

to twelve years digital/microprocessor experience, PLD/ALIC and/or digital teleph- Magazine 
ony experience preferred, ISDN experience/fiber optic experience desirable. an d N ews 
Software Engineers a 
Qualified candidates should possess a B.S. in Computer Science or Electrical Editions, 
Engineering, three to twelve years in design, development and test with emphasis | ; 
on microprocessor real time software and telephone transmission products using C opportunity 
language and X.25 protocol. kn 0 cks all 


Test Engineer 
Provide test detail designs, including test procedures, programs and figures for the time. 
production testing. Requirements include a B.S. in Electrical Engineering, three to 

five years telecommunications manufacturing experience, and Automatic Test 


Reliability Engineer 

Responsible for establishing and maintaining reliability data to assure customer 
requirements are met. The incumbent must possess a B.S. in Electrical Engineer- 
ing, three to five years reliability measurement and calibration experience in 
commercial electronics manufacturing product company and must be familiar with 
military specifications and/or Bellcore reliability measurement and calibration 
methods. 


Technical Writer 

Responsible to research, write, edit and produce technical documentation. The 
successful candidate must have three to five years experience writing telephone 
documents for high-tech company working with telephone companies, know digital/ 
analog electronics, working on twisted copper, fiber, microwave and radio, and have 
familiarity with PC programs, electrical engineering and computer science. 


Seiscor offers a competitive salary and an extensive benefits program 
including a 401(K) Plan, Stock Ownership and an Educational Assis- 
tance Program. 


Tulsa is an unusually clean and safe city with a high quality of life. 
You'll find beautiful year-round weather (4 seasons), rolling hills and 
several area lakes, low cost of living, easy commuting and light traffic. 
Tulsa is a good family town with a population of 800,000, diverse 
cultural activities and good schools. 


Call Sue Chase - Personnel at 1-800-331-4048 or send resumé to: 


Seiscor Technologies, Inc. 
PO Box 470580 

Tulsa, OK 74147-0580 

or Fax to 918-252-1578 


An Equal Opportunity Employer 
Affirmative Action Employer, M/F/V/H 


seiscor — 
Technologies EDN: 
A Raytheon Company Soc 

| 
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Professional Profile 


Announcing a new placement service 
for professional engineers! 


To help you advance your career. 
Placement Services, Ltd. has 
formed the EDN Career News 
Databank. What is the Databank? It 
is a computerized system of match- 
ing qualified candidates with posi- 
tions that meet the applicant's pro- 
fessional needs and desires. What 
are the advantages of this new 
service? 


e It's absolutely free. There are 
no fees or charges. 


e The computer never forgets. 


e Your identity is protected. 
Your resume is carefully 
screened to be sure it will not 
be sent to your company or 
parent organization. 


e Your background and career 
objectives will periodically be 
reviewed with you by a PSL 
professional placement person. 

We hope you're happy in your cur- 
rent position. At the same time. 
chances are there is an ideal job 
you'd prefer if you knew about it. 

When your type of job comes That's why it makes sense for you 

up, it remembers you're to register with the EDN Career 

qualified. News Databank. To do so. just mail 
° Service is nationwide. You'll the completed form below, along 

be considered for openings with a copy of your resume, to: 

across the U.S. by PSL and its Placement Services, Ltd.. Inc. 

affiliated offices. 


IDENTITY 
Name 


Home Address 


Oty ea ee ad ok es Ra se ae CAD: es 


Home Phone (include area code) 


PRESENT OR MOST RECENT 
EMPLOYER 


Parent Company 

Your division or subsidiary 
Location (City, State) 
Derermegie MONG It). 0e tise Ses SA ee 


EDUCATION 


Degrees (List)| Major Field 


POSITION DESIRED 


EXPERIENCE 
Present or Most 
Recent Position From To Title 


Duties and Accomplishments Industry of Current Employer 


Reason for Change 


PREVIOUS POSITION 


Job Title Bue rad 
Employer. _.___. From To City 

States ks Division + Type of Industry ___ 
Salary _____________ Duties and Accomplishemnts: 


COMPENSATION/PERSONAL 
INFORMATION ‘* (optional) 


Years Experience Sori 


Total 
Compensation 


Date Available 


Commission 


Asking 
Compensation 


Min. 
Compensation 


0 lown my home. How long? 


lrent my home/apt. 0 


0 Employed O Self-Employed O Unemployed 


0 Married 


0 Single 


| Will Travel 
0 Light 0 Moderate CHeavy 


Level of Security Clearance 
DO US. Citizen 0 Non-US. Citizen 


1] witt RELOCATE CJ WiLL NOT RELOCATE L] OTHER 


My identity may be released to: © Any employer 
O All but present employer 


EIDIN Databank * son 


265 S. Main Street, Akron, OH 44308 216/762-0279 


LTD., INC. 
EDN September 14, 1989 


PLACEMENT SERVICES 


Engineering 


WHEN YOU DEAL 


eee ee ie : 


WINNING IS THE 
NATURAL RESULT. 


&) 


~y 


S ustaining a competi- 
tive edge has special 
significance for govern- 
ment agencies and sup- 
pliers who must maintain 
global leadership through 
efficient industrial 
practices. Allen-Bradley 
Government Business 
Division provides the 
answers to meet this need 
through the design and 
manufacture of industrial 
control and automation 
products and equipment 
for the Department of 
Energy, aerospace and defense industries. As a rapidly 
growing subsidiary of Rockwell International, we can deliver 
career challenges and rewards few high growth companies 
can match. 


PROJECT ENGINEER 


You will act as lead technical coordinator in the analysis 
of customer solicitations to determine required equipment 
architecture, both hardware and software, provide cost 
estimates and assist in proposal preparation. Ability to 
successfully direct all technical activities and personnel 
assigned to multiple industrial automation control projects 
is vital. 

BSEE or related Engineering degree preferred with 
Computer Science or equivalent technical education 
required. Master’s degree or graduate studies desirable. At 
least 4 years experience as a Project Engineer in the design 
and implementation of a wide range of industrial automation 
systems including material handling systems, process control 
and data communication network applications required. 
Background in the use of programmable controllers, 
intelligent operator display stations and cell controllers 
essential. 


SYSTEM APPLICATION ENGINEER 


Responsibilities include the design, development and 
test of industrial automation control equipment software 
(application level) and hardware for assigned customer 
projects. You will determine control system requirements. 
analyze the most cost effective architecture for customer 
projects and assist in proposal preparation. 

BS in an Engineering discipline, Computer Science 
or equivalent technical education required. EE preferred and 
Master’s degree or equivalent desired. At least 3 years 
experience in the design and implementation of industrial 
control systems with particular experience in manufacturing 
automation control systems based on the use of 
programmable controllers, communications devices and 
computer control systems required. Software/system 
engineering experience in real-time factory automation 
along with the ability to apply data communications 
techniques in LAN’s essential. You must also have the ability 
to communicate effectively with engineers, sales, marketing 
and customers. 


Learn more about our firm commitment to provide 
answers to our customers and strong rewards to people with 
the intelligence, drive and entrepreneurial talent to make 
these answers a productive business reality. Call or send your 
resume to: Mary Messerlie, Manager, Human Resources, 
Allen-Bradley Government Business Division, 500 Elm Grove 
Road, Elm Grove, WI 53122. 414-796-3715. Please indicate 
which position you are interested in. We are an equal 
opportunity employer m/f. 


WINNING ANSWERS 
ALLEN-BRADLEY 


A ROCKWELL INTERNATIONAL COMPANY 
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TEST DRIVE 
YOUR 
RESUME. 


Tune up your resume, bring it to BP] TECH FAIR and watch it perform. 


You'll meet recruiters and top line management from the nation’s top 
technical companies. You'll discover fresh, new professional challenges. And you'll 
learn what you're really worth in today’s job market. 


Representatives from leading corporations will be on hand to interview 
qualified candidates at the following BPI TECH FAIR locations: 


September 11, October 18, Woodland Hills, CA 
Westin Galleria Hotel, Houston, TX October 23-24, Minneapolis, MN 
September 12, November 7, Milwaukee, WI 
Nassau Bay Hilton & Marina November 8-9, Chicago, IL 
September 18, Columbia, MD November 13-14, Boston, MA 
September 19-20, Washington, DC November 15, Braintree, MA 
September 25-26, Denver, CO November 20-21, Washington, DC 
September 27, Colorado Springs, CO December 4, Ft. Lauderdale, FL 
October 2-3, Dallas, TX December 5, Melbourne, FL 
October 16-17, Los Angeles, CA December 6, Orlando, FL 


So come to the next BPI TECH FAIR in your area. It’s the job fair that puts 
you in the driver's seat. 


LIS] R/S}. 


THE NATION’S #1 JOB FAIR FOR ENGINEERING, SYSTEMS & SOFTWARE DEVELOPMENT PROFESSIONALS 


eeu / ¢ 2985 Multifoods Tower * 33 South Sixth Street « Minneapolis, MN 55402 (612) 370-0550 
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A need: a specialist ye : 
ae A ts desisnmy —-— 
= higkepest soemblies | 


eS 


When it it comes fo desenine = | 
high- performance, high- 2 age : 
assemblies, we've got =. vans 
-» exactly what you need: es 
..- Experience. : ek 
___- The'specialists at.3M ees 2 ees 
~ been designing and delivering - 2a. 
“complete transmission line — oy 
-. assemblies (TLA") since 1976. When — 


- everyone elsé was still shipping individual "7 


7 cables and-connectors.. 
- > Witha decade of sroblent: ae bond: 
_ Us, you can be sure we'll know exactly | how to help 
Ss yous define yourrequirements. = = 
_+ ~ How to reduce crosstalk and the ue: 
data errors. 


chee NO 129". 
=. ie & 


~Toughat SE 
turn to : MM. 


aa 


ey} ‘How to Sante system impedance require: - 
v/ , > tents and increasé signal fidelity. 
tw to minimize propagation : 
lelays and maximize system speed. 
Axi how to assure you get the 
“ favplication: specific interconnects that not. 


a 


. “only meet your needs, but increase the reliability of © 


- even your most demanding high-speed design. 
3M has.a broad range of high- performance TLAs 

for you to choose from to meet your most stringent 

- system requirements. And we’ve got the experience . 

_you need to develop the solution that’s best for you. — 
See what a difference experience makes. Contact 


_ 3M today for expert help on a specific high-speed - 
~ design problem. Write 3M Electronic Products. » 


- Division, P.O. Box 2963, Austin, TX 78769- 2903, or call | i 
1- 800- 227- 831. And ask tor a TLA eee oe 


EDN’s 
CHARTER 


EDN is written for profes- 
sionals in the worldwide elec- 
tronics industry who design, 
or manage the design of, 
products ranging from cir- 
cuits to systems. 


EDN provides accurate, de- 
tailed, and useful information 
about new technologies, 
products, design techniques, 
and careers. 


EDN covers new and devel- 
oping technologies to inform 
its readers of practical de- 
sign matters that will be of 
concern to them at once or 
in the near future. 


EDN covers new products 

¢ that are immediately or 
imminently available for 
purchase 

¢ that have technical data 
specified in enough de- 
tail to permit practical 
application 

¢ for which accurate price 
information is available. 


EDN’s Magazine Edition 
also provides specific ‘‘how 
to’ design information that 
its readers can use imme- 
diately. From time to time, 
EDN’s technical editors un- 
dertake special ‘‘hands on’’ 
engineering projects that 
demonstrate EDN’s commit- 
ment to readers’ needs for 
useful design information. 


EDN’s News Edition also 
provides comprehensive 
analysis and news of tech- 
nology, products, careers, 
and distribution. 


275 Washington St 
Newton, MA 02158 
(617) 964-3030 
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BUSINESS/CORPORATE STAFF 


Peter D Coley 

VP/Publisher 

Newton, MA 02158 

(617) 964-3030; Telex 940573 

Ora Dunbar, Assistant/Sales Coordinator 


Mark J Holdreith 

Associate Publisher/ 
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End the connector 


ompromise... 


...in high-density | 
PC-board “ 


connections. 


Only Hypertronics ends the 
compromise in high-density 
printed circuit board connectors 
for electronic equipment...by 
replacing unreliable connections 
with Low Insertion Force (LIF) high. 
reliability connectors. 

The KA 2, 3, 4 and 5 row 
connectors with .100 row spacing 
include the Hypertac® hyperboloid 
socket. The unique design provides 
contact resistance of less than 5 
milliohms, cycle life in excess of 
100,000 cycles and electrical 
integrity under extremes of shock 
and vibration (tested to 2 nano- 
seconds), flow solder PC, crimp, 
wire wrap® and solder cup meet a 
range of termination requirements. 

Now you can have it all...in 
printed circuit board connectors 
requiring up to 490 contacts by 
calling 1-800-225-9228, toll free. 


HYPERTRONICS CORPORATION 


16 Brent Drive, Hudson, MA 01749 (508) 568-0451 FAX (508) 568-0680 
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Analog Behavioral Modeling 


The Analog Behavioral Modeling option 
for PSpice allows one to describe analog 
components, or entire circuit blocks, using 
a formula or a look-up table. For linear 
blocks, the description can be either a Laplace 
transform or a table of frequency response. 
Once defined, PSpice can simulate circuits 
including such blocks. 


The ability to model entire blocks of circuitry is a 
powerful aid in designing a system from the top down. 
A functional block can be described by its behavior 
without worrying about how that function will be 
implemented. Later, the block can be replaced by the 
actual circuitry. 


Another application is the modeling of electronic 
components which are not built into PSpice. The 
photo above shows an example of simulating the DC 
characteristics of a 3/2-power-law device. 


Since its introduction over five years ago, MicroSim’s 
PSpice has more copies sold than all other commercial 
Spice programs combined. Here are some of the 
features which have made PSpice so popular: 


¢ Standard parts libraries of over 2200 analog models: 
diodes, bipolar transistors, small-signal JFET’s, 
power MOSFET’s, opamps, voltage comparators, 
transformer cores, and opto-couplers. 


¢ GaAs MESFET devices, BSIM MOS model. 


¢ Non-linear transformers modeling saturation, hys- 
teresis, and eddy current losses. 


¢ Ideal switches for use with, for example, power 
supply and switched capacitor circuit designs. 


Besides Analog Behavioral Modeling, these other 
PSpice options are also available: 


¢ Digital Simulation, which allows one to simulate 
mixed analog/digital circuits with feedback between 
the analog and digital sections. 


¢ Monte Carlo analysis to calculate the effect of 
parameter tolerances on circuit performance. This 
includes statistical, sensitivity, and worst case | 
analyses. 
¢ The Probe “software oscilloscope” provides an | 


interactive viewing environment for simulation | 
results (see photo above). 


¢ The Parts parameter extraction program, allow- 
ing one to extract a device’s model parameters 
from data sheet information. 


PSpice is available on these computers: 


¢ The PC family, including the PS/2, running DOS, 
Protected Mode DOS, or OS/2. 


¢ The Macintosh II. 

¢ The Sun 3, Sun 4, and SPARCstation families. 

¢ The Apollo DN3000 and DN4000 workstations. 

¢ The VAX/VMS family, including the MicroVAX. 
Each copy of PSpice comes with ourextensive product 
Support. Our technical staff has over 100 years of 
experience in CAD/CAE and our software is supported 


by the engineers who wrote it. With PSpice, expert 
assistance is only a phone call away. 


For our free information packet, including a PSpice 
demo diskette, call us toll free at (800) 826-8603 or, in 
California, (714) 770-3022. Find out for yourself why 
PSpice is the standard in circuit simulation. 


PSpice is a registered trademark of MicroSim Corporation. All other brands and product names are trademarks or registered trademarks of their respective h 
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is not a contradiction in terms 


uring the morning of No- 
vember 3rd last year a vi- 
rus struck Arpanet, the 
Defense Department’s scientific- 
military computer network. At gov- 
ernment installations, research 
laboratories, and universities across 
the country, people watched in hor- 
ror as their computers began to run 
more and more slowly or stopped 
altogether. Many facilities had to 
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Jay Fraser, Associate Editor 


shut down while specialists fever- 
ishly tried to halt the virus. Even- 
tually it was eradicated and traced 
to Cornell University (Ithaca, NY). 
Allegedly, a 23-year-old graduate 
student there had unleashed it, dis- 
guised as a piece of electronic mail, 
not realizing how far and how fast 
it would spread. 

The virus didn’t destroy any data, 


but countless hours of research time 


Rod Thomas 


were lost. Some facilities weren't 
up and running again for two or 
three days. A federal indictment 
has been issued in the case. Was 
this a prank that got out of hand 
or a serious breach of security? 
What the graduate student did may 
or may not have been illegal, but 
was it unethical? 

Simply stated, ethics is the set 
of moral standards or rules that 
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govern the conduct of an individual 
or an organization. Most people 
carry in their minds some sort of 
personal code of ethics, although it 
may be vague. Some base theirs on 
their religious faith. Others base 
theirs on a secular philosophy or on 
a moral precept as simple as the 
Golden Rule. Some people just ask 
themselves the question: “Would I 
feel good explaining to my children 
what I’m about to do?” 

Problems arise precisely because 
ethics is a personal matter. Two 
conscientious people can have an 
honest disagreement about what is 
and what isn’t ethical behavior. In 
addition, not all ethical issues can 
be neatly divided into a choice be- 
tween right and wrong. There is 
often a large gray area. Many peo- 
ple can’t see clearly in gray areas 
and occasionally they lose their 
way. 

Many experts see a decline in eth- 
ics in America today. In years past 
major scandals have dominated the 
headlines—Watergate, insider trad- 
ing on Wall Street, money launder- 
ing by reputable banks, stock ma- 
nipulation and fraud, and the Iran- 
Contra affair. What has gone 
wrong? | 
PA, 
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“We've done a terrible job of sen- 
sitizing our young people to ethical 
issues on the high school and college 
level,” says Dr W Michael Hoffman, 
director of the Center for Business 
Ethics at Bentley College 
(Waltham, MA). “The teaching of 
ethics in high school is practically 
nonexistent. Business ethics wasn’t 
even taught in college until about 
a decade ago. Our society is coming 
to realize that we have eclipsed the 
ethical dimensions of our lives.” 

Colleges and universities that 
teach computer science are not im- 
mune to this problem. Donn B 
Parker, a senior management sys- 
tems consultant at Stanford Univer- 
sity’s (Stanford, CA) Research In- 
stitute International, writes in Hth- 
acs and the Management of Com- 
puter Technology, “In computer sci- 
ence departments I found some 
very thoughtful computer science 
professors who do impart ethical 
concerns to their students but many 
more who never even bother to 
think about the subject... Some 
faculty members said they don’t 
deal with ethics, only with comput- 
ers.” 

Trying to ignore ethical problems 
does not make them disappear, and 
the high-tech industry is certainly 
not free from them. In fact, the ex- 
plosive development of modern 
technology has created a large num- 
ber of new and unique problems, 
and they deserve special attention. 

Every manufacturer has to guard 
against turning out products that 
don’t meet specifications. Imagine 
a small software company locked in 
a struggle with its competitors. 
Imagine a project leader under 
pressure from above to put on the 
market as quickly as possible the 
program his team has been develop- 
ing. Imagine that the project leader 
knows there are still a few bugs in 


the program, but they’re minor. 
Ninety-five percent of the end- 
users will never come across them, 
and besides, they can be corrected 
in the first revision. The project 
leader may be sorely tempted to re- 
lease the program as it is. Is it ille- 
gal to put a program on the market 
that you know contains some bugs? 
Probably not. Is it unethical? 

A related problem can occur 
when a product is advertised. Most 
people would agree that it is unethi- 
cal to knowingly run an advertise- 
ment that contains information that 
is factually wrong. But many adver- 
tisements aren’t written to present 
cold, hard facts. They’re written to 
persuade. Then the question be- 
comes when is an advertisement 
trying to persuade and when does 
it step over the line and begin to 
mislead. A product that doesn’t 
meet specifications is a concrete 
problem that can be dealt with. But 
what about a product that doesn’t 
meet a customer’s inflated expecta- 
tions? 

Is the use of proprietary proto- 
cols ethical? Some hardware manu- 
facturers use standard protocols be- 
cause they want their products to 
be used as widely as possible. Other 
companies have their own proprie- 
tary protocols. Is this to ensure that 
customers will use their products 
properly and get the maximum 
benefit out of them? Or do proprie- 
tary protocols unfairly limit custom- 
ers’ freedom of choice and force 
them to buy one company’s prod- 
ucts when they might prefer an- 
other’s? 

A series of ethical questions that 
has nagged the computer industry 
for years concerns development 
fees. For example, if a company 
commissions a software-develop- 
ment firm to create a program, 
should the development firm be free 
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to sell the same program to other 
customers? Or should the company 
that commissioned the program 
have exclusive rights to it? If one 
company pays for the time it takes 
to develop a program, and another 
company gets an off-the-shelf copy 
of it, should the second company be 
charged less? If the software firm 
charges both customers the same 
amount, is it overcharging the sec- 
ond customer? 

This situation leads to one of the 
most troublesome ethical questions 
facing computer professionals— 
when is software protected and 
when is it unprotected? 

Some computer programmers 
take out copyrights on the pro- 
grams they create. However, copy- 
rights may not always give pro- 
grammers the protection they 
want. Deborah G Johnson, in her 
book Computer Ethics writes, “A 
company can copy a copyrighted 
program, change it just enough to 
raise difficult questions about im- 
proper appropriation, mass-produce 
it, sell it cheaply, and go out of busi- 
ness while the legal suit is hung up 
in the courts. This may not be ille- 
gal, but it certainly shows lack of 
respect for the property rights of 
others. In addition, we all know 
that it is sometimes possible and 
tempting to make illegal copies of 
programs without getting caught. 
This may seem harmless until, of 
course, it is your program that is 
copied.” 

If you have the source code of 
someone else’s copyrighted pro- 
gram, what happens when you be- 
gin to modify it? How many changes 
do you have to make before it be- 
comes a new program? And if you 
translate a program from one lan- 
guage to another, does it then be- 
come your own program? These 
problems are complicated even fur- 
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ther because some programmers 
don’t copyright their programs, but 
still claim proprietary rights. Is it 
unethical to use or copy or modify 
those programs? 

These are some of the ethical 
problems that are unique to the 
high-tech industry. There are oth- 
ers that affect a much wider range 
of firms, but have been magnified 
by modern technology. A good ex- 
ample is the issue of personal pri- 
vacy. The ability of electronic- 
information systems to store vast 
amounts of data and to transfer that 
data quickly has made the ethical 
questions surrounding privacy 
much more complex. 

Almost all companies keep per- 
sonnel files on their employees. 
Who decides what information goes 
into those files? And who is respon- 
sible if it is inaccurate? Even if the 
information is checked before it is 
entered, mistakes can still happen. 
Who is liable if someone’s career is 
damaged because of a mistake? The 
person who entered the data? The 
company? Shouldn’t the person who 
receives the information have a re- 
sponsibility to recheck it? 


Ethics will always 
remain the 
responsibility of the 
individual. 


Most people would agree that 
firms have an obligation to keep 
their personnel files confidential, 
but that can be difficult if the data 
are stored in an information system. 
Access codes can be easily passed 
from person to person, and, as the 
graduate student from Cornell 


proved, even tightly guarded sys- 
tems are still vulnerable to break- 
ins. 

“Every technical fix has a techni- 
cal unfix,” says Dr Mark J Pastin, 
director of the Lincoln Center for 
Ethics at Arizona State University 
(Tempe, AZ). ‘Despite the fact that 
security companies would like you 
to believe they can keep your data 
safe, it’s still largely a human sys- 
tem. You’re relying on people’s eth- 
ics to keep your system secure, and 
sometimes that just doesn’t work.’ 

Obviously, the people who are en- 
trusted with personnel files must be 
scrupulous about maintaining confi- 
dentiality, and companies should 
provide the best security possible, 
but that doesn’t answer the ques- 
tion of who should have access to 
the files. 

Should employees be allowed to 
see their own files? In 1966 Con- 
gress passed the Freedom of Infor- 
mation Act. Now any American citi- 
zen has the right to examine the 
files that any government agency 
has compiled on him. Should em- 
ployees have the same right in a 
private company? Or should a pri- 
vate company be allowed to keep 
its files private? 

Other ethical questions dealing 
with privacy that have been hotly 
debated recently center on manda- 
tory drug testing. Is it an unwar- 
ranted violation of individual 
rights? Or is it a precautionary 
measure organizations can and 
should use to protect themselves? 
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The president of the United States 
has ordered drug testing for all fed- 
eral employees, but there are a 
number of lawsuits currently mak- 
ing their way through the courts 
that would put a stop to it. 

Should the government be al- 
lowed to demand a drug test from 
all its employees? Should a private 
company’? A strong argument can 
be made that people who are re- 
sponsible for the lives of others— 
airline pilots, for instance—should 
be tested for drugs. Should govern- 
ment employees who do work that 
involves issues of national security 
also be tested? What about high- 
tech companies that work on na- 
tional security projects? Should 
their employees be required to take 
drug tests? 

A few fortunate firms never have 
to lay workers off. Others, espe- 
cially in fast-changing fields such as 
hardware manufacturing, may have 
to suffer through more than one lay- 
off. The crucial decision that has to 
be made is who stays and who goes. 

Should a company lay off its older 
employees and hold onto its 
younger ones? Or should it follow 
the old formula of last-hired, first- 
fired? Younger workers can con- 
tribute fresh ideas, new skills, and 
abundant energy, but don’t older 
workers deserve some considera- 
tion for years of loyal service? 

And who in the corporate hierar- 
chy should have to bear the brunt 
of a layoff? Lower-level employees 
are often hit hardest. Is that unfair? 
Shouldn’t the ranks of managers 
and executives have to absorb a 
proportional amount of any reduc- 
tion in the work force? 

Discussing these ethical issues 
has raised a great many questions 
but provided very few solid an- 
swers. Does this lack of answers 
mean that the realm of ethics is a 
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The explosive develop- 
ment of modern technol- 
ogy has created many 
new and unique ethical 
problems. 


huge morass where companies and 
their employees are doomed to 
flounder helplessly forever? 

No, it does not. 

Ethics will always remain ulti- 
mately the responsibility of the in- 
dividual. Maintaining high moral 
standards isn’t up to someone else. 
It’s up to each person. However, 
companies do have a role to play. 
If a firm wants its employees to act 
ethically, it should promote and de- 
fend ethical standards. The follow- 
ing questions will help you judge 
the ethical climate within your com- 
pany. 

Does your company have a clear, 
written code of ethics? A code of 
ethics should be concrete and spe- 
cific, and deal with everyday situ- 
ations you might find yourself in. 
If your company doesn’t have a 
code, one should be developed 
through discussions involving em- 
ployees from all levels of the organi- 
zation. 

Does your company encourage 
open communication? Does your 
company have an ombudsman? An 
anonymous hotline? An independ- 
ent watchdog committee? Firms 
should make sure that their employ- 
ees’ voices are heard. 

Does your company punish un- 
ethical conduct? Does it reward 
people who uphold high moral stan- 
dards? Punishments and rewards 
should be given out consistently and 


evenhandedly. Executives should 
be held just as responsible for their 
behavior as salaried employees. 
Does your company review its 
own ethical conduct? A firm should 
examine itself periodically. It 
should consider how it treats its 
own employees, how it deals with 
its customers, and how it involves 
itself in the local community. 
Companies that are lackadaisical 
about establishing and encouraging 
high ethical standards are running 
a grave risk. | 
“Unethical conduct can have 
enormous costs,” says Hoffman. “It 
is often immediately followed by 
more government regulation, and 
that costs everyone, even the cus- 
tomer. It now costs business more 
than $100 billion every year just to 
comply with government regula- 
tions. Then there’s the cost of a lost 
reputation. Some corporations 
spend millions to build up an image, 
and it can be shattered overnight.” 
A reputation for ethical integrity, 
on the other hand, can pay huge 
dividends. A firm known for its hon- 
esty will attract honest people to 
work for it. Morale among employ- 
ees will be high, which means pro- 
ductivity will be high and absentee- 
ism low. Turnover in the work force 
will be minimized. The company 
will avoid many legal problems and 
it will have good relations with the 
local community. Customers will 
trust its products and services and 
remain loyal to it, and investors will 
want to put their money into it. The 
rewards of maintaining high ethical 
standards can be summarized very 
simply—good ethics is good busi- 
ness. 
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Molex Is Making The Connection Between ao 


EXIBILITY 


Eleven different components are your building blocks 
for thousands of interconnection solutions. 


Molex’s unique family of KK® connectors provide the flexibility — 


you need to build interconnections precisely suited to your applications. 


Choose either tin or cost-effective selective gold plating, .100” or 

.156” center spacing. Crimp, solder, or insulation displacement 
termination ...top, side, or bottom pin entry...break-to-size pin 
headers...they’re all standard in thousands of demandinég applications. 


The KK® connector is just one 
example of how we take a total systems 
approach. 

The KK® System includes a complete 
line of wire termination tooling from simple 
hand crimp tools to the latest automated 
insulation displacement technology. The 
System also features sophisticated pinsetting 
equipment. Molex goes beyond merely 
supplying connectors to help today’s 
manufacturers achieve lower installed costs. 


Dependable service worldwide. 

Our multi-national organization 
offers you interconnection design, 
manufacturing, and technology from 
around the globe, with dependable 
supply and local service. 
Molex distributors stock 
the full line of flexible 
_KK® connectors for 
_ your every need. 


. 
Corporate Headquarters: 2222 Wellington Ct., Lisle, IL,60532 USA, (312) 9 


, Japan, 0 3-487-8333 « 
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Intensive QC programs 
provide reliable connectors 
that stand up to tough 
environmental conditions 
in a wide range of 


electronic applications. 


Service To The 
Customer. ..Worldwide 


1550 « European Headquarters: Munich, West Germany, 49-89-4960937 
ist Asia Headquarters: Jurong Town, Singapore, 65-265-4755 


EDN September 14, 1989 
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MODEM DESIGN ELEGANC 


AT 2400 BPS 


ACTUAL SIZE 
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_ BELDEN HELPS YOU TAKE ADVANTAGE 


OF YOUR NETWORK’S LOGIC — 


A 4 Total Systems Solution 


- Logic is the most basic element 
of acomputer environment. As 
the basis of design, it distin- 
guishes one system from 

| another and ultimately deter- 
“| mines how a network works. To 


There is no equal.” 


: Copyright © 1989 Cooper Industries, Ls 


one a cabling system with- 
out a thorough understanding of 
the network is, therefore, illogi- 
cal. Certain cables are better for 
certain systems. 

- Belden brings you more 
cabling alternatives than any- 
one—a fact that allows us to — 
look at your network without 


‘manufacturing bias. By supply- 


ing the broadest line of network- 


ing cables, we sell no particular 


cable. What we provide you is 
the best cabling solution. 

Belden’s line of networking 
cable includes: 


¢ Fiber optic cable 


e Broadband coaxial cable 

¢ Baseband coaxial or twinaxial 
cable 

¢ Multi-pair or multi-conductor © 
cable 

¢ Unshielded twisted pair data 
cable with OWL™ modular. . 
accessories 


Office Wiring Logic (OWL) 
The predominant network 

environments— | 

¢ 3270 

e System 3X 

e Wang 

e Ethernet* 

¢ MAP/TOP 

¢ IBM Cabling System (Token 

Ring) 


—all have traditional wiring 


_ schemes. Belden has intro-- 


— 


oa 


_ duced OWL to provide the net- 


work user flexible, cost-efficient 
alternatives to conventional 
cabling techniques. 


OWL incorporates the use of © 
baluns and balun-like devices to 


permit easy and extended use. 
of unshielded twisted pair in the 
cabling of computer networks 
and LANs. Its special strength is 
its modular structure—permit- 
ting simple, cost-effective 


change in the office environment. 


SEE US IN EEM 
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reliability you associate with 


Belden has added another © 
dimension to this comprehen: 
sive product line. Belden — 
Authorized Systems integrators 
are available nationwide to set 


, -up your network from concept io 


completion, so the quality and — 


Belden product now extends to | 
every aspect of eth ote net- 


~ works and LANs. - 


And that has a powerful logic | 
of its own. | 

For more information on how | 
Belden can help your network- — 


ing needs, contact us directly: 


BELDEN Wire and Cable _ oS 


P.O. Box 1980 


Richmond, IN 47375 3 


1-800-BELDEN-4 
ae Indiana, call 317- 983- 5200) 
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COOPER 


INDUSTRIES 


